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HYDRQXAMTC ACTD AKD CARBQXYLIC ACID DERTVATTVES. 
PROCESS FOR THEIR PREPARATIQU AITO OSE THEREOF 

5 FIELD OF THE INVENTION 

The invention is directed to pharmaceuticals useful in diseases 
characterized by unwanted matrix metalloproteinase activity. 

10 

BACKGROUND OF THR TNVETJTTnN 

A number of small peptide like compounds which inhibit 
metalloproteinase have been described. Perhaps the most notable 
IS of these are those relating to the angiotensin converting enzyme 
(ACE) where such agents act to blockade the conversion of the 
decapeptide angiotensin I to angiotensin II, a potent pressor 
substance. Compounds of this type are described in EP-Ar0012401. 

20 Certain hydroxamic acids have been suggested as collagenase 
inhibitor as in U.S.A, Patent 4,599,361; WO-A-9005716 and WO-A- 
9005719. Other hydroxamic acids have been prepared as ACE 
inhibitors, for example, in U.S.A. Patent 4,105,789, while still 
others have been described as enkephalinase inhibitors as in 

25 U.S.A. Patent 4,495,540. 

The hydroxamic and carboxylic acids of the current invention act 
as inhibitors of mammalian matrix metalloproteinases (MMPs) . The 
MMPs include, for example, collagenase, stromelysin and 

30 gelatinase. Since the MMPs are involved in the breakdown of the 
extracellular matrix of articular cartilage f Ari^hrit-jg and 
RhQumatlgm, 20, 1231-1239, (1977)), potent inhibitors of the MMPs 
may be useful in the treatment of arthritides, for example , . 
osteoarthritis and rheumatoid arthritis and other diseases which 

35 involve the breakdown of extracellular matrix. These diseases 
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include corneal ulceration, osteoporosis, periodontitis, tumor 
growth and metastasis. 

The use of hydroxamic acid derivatives for the effective 
inhibition of the destruction of articular cartilage as a model of 
5 rheumatoid and osteoarthritis has been demonstrated (Int. J. Tiss. 
Reac, XIII, 237-243 (1991)). 

Topical application of hydroxamate inhibitors may be effective 
against corneal ulceration as demonstrated in the alkali-injured 
10 cornea model Tinvest . Ophthalmol Vis. Sci., il, 33256-3331 
(1991)) . 

In periodontitis, the ef fecticeness of tetracycline has been 
attributed to its collagenase inhibitory activaty (J. Perio. Res., 
IS 2fl, 379-385 (1993)) . 

Hydroxamic acid derivatives have also been effective in models of 
tumor growth (Cancer Research, 2087-2091 (1993)) and tumor 

invasion (Mol. Cell Biol., 5, 2133-2141 (1989)). 

20 

The current invention relates to a series of hydroxamic and 
carboxylic acids, which act as inhibitors of matrix 
metalloproteinases, their preparation, pharmaceutical compositions 
containing them, and the intermediates involved in their 
25 preparation. 

SUMMARY OF THE TMVRNTTQM 

This invention provides compounds which are matrix 
30 metalloproteinase inhibitors. The compounds have the structure: 




2 
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wherein 

A is a1 - a2- a3 

a1 is Ci-io alkyl, C2-10 alkene, C2-10 alkyne having Ci-s in the 
backbone or a chemical bond; 
5 a2 is X - Y- 2; wherein 

X is a chemical bond, or -S-; 

Y is -CO", or -CHr9'' and 
Z is or a chemical bond; 

a3 is hydrogen, Ci-e alkyl, substituted Ci-6 alkyl, aryl, 
10 substituted aryl, heteroaryl, substituted heteroaryl, 

heterocyclic, substituted heterocyclic, aryl Ci-6 alkyl, 
substituted aryl Ci-g alkyl, heterocyclic Ci-e alkyl, 
heteroaryl Ci-6 alkyl, substituted heteroaryl Ci-6 alkyl, or 
substituted heterocyclic Ci-6 alkyl; 
15 with the proviso that 

(a) at least one of X, Y and Z must contain a heteroatom; 

(b) when Y is -CH2-, then only one of X and Z can be a 
heteroatom; 

(c) when Y is -CO- and both X and 2 are heteroatoms, then one 
20 must be -NH- and the other -NH- or -0-; . 

(d) when A^ is alkyl, X is -0- or -S-, Y is CHr9 and 2 is a 
chemical bond, then A^ cannot be H or Ci-6 alkyl; 

(e) when A^ is alkyl, X is a chemical bond, Y is CHr9 and Z is 
-0~ or -S-, then A^ cannot be Ci-g alkyl; 

25 (f) when A^ is a chemical bond, X is O or S, Y is CH2, and Z is 

a chemical bond, then a3 cannot be aryl or aryl Ci-6 alkyl/* 
(g) when A^ is a chemical bond, X is a chemical bond, Y is CO, 
and 2 is 0, then A^ cannot be H, alkyl, aryl, aryloxyalkyl, 
alkanoyloxy alkyl or aroyloxyalkyl; or 
30 (h) when A^ is a chemical bond, X is a NH, Y is CH2, and 2 is a 

chemical bond, then A^ cannot be alkyl, aryl, arylalkyl, 
cycloalkyl, or cycloalkyl alkyl; 
r1 is HN(OH)CO-, HCON(OH)-, CH3C0N(0H)-, HO2C-, HS-, or 
phosphinate; 
35 r2 is Or6 or NR^OrS 

where r6 is hydrogen, C6-12 aryl, or (CH2)nR'^/ 



3 
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wherein R*^ is 

hydrogen, phenyl, substituted phenyl, hydroxy, Ci-6 
alkoxy, C2-7 acyloxy, Ci-6 alkylthio, phenylthio, 
sulfoxide of a thio, sulfone of a thio, carboxyl, (Ci-6 
5 alkyl) carbonyl, (Ci-g alkoxy) carbonyl, (Ci-e 

alkyl) aminocarbonyl, arylaminocarbonyl, amino, substi- 
tuted acyclic amino, heterocyclic amino, N-oxide of an 
amine, or C2-7 acylamino, and n is 1 to 6; or 
r3 and taken together are a group of the formula -(CH2)m- 
10 where m is from 5 to 12, optionally interrupted by a Nr8 

group 

where r8 is selected from hydrogen, Ci-6 alkyl, Ci-6 
alkylcarbonyl, Ci-6 alkoxycarbonyl, aryl, aralkyl, 
or aralkyloxycarbonyl, in each of which the aryl 
15 moiety is optionally substituted; 

r3 is a characterizing group of an alpha amino acid, Ci-g alkyl, 
aryl methylene, substituted aryl methylene, C3-10 cycloalkyl, 
C3-IO cycloalkyl methylene, aryl, substituted aryl, fused 
bicycloaryl methylene, fused substituted bicycloaryl methylene, 
20 conjugated bicycloaryl methylene, or conjugated substituted 

bicycloaryl methylene; 
R^ is hydrogen or C1-4 alkyl; 

r5 is hydrogen, phenyl, substituted phenyl, amino, hydroxy, 
mercapto, C1-4 alkoxy, Ci-e alkylamino, Ci-6 alkylthio, Ci-6 
25 alkyl or C2-6 alkenyl, 

optionally substituted by 

alkyl, phenyl, substituted phenyl, heterocylic, 
substituted heterocyclic, amino, acylated amino, 
protected amino, hydroxy, protected hydroxy, mercapto, 
30 protected mercapto, carboxy, protected carboxy, or 

ami dated carboxy; 
r9 is hydrogen or C1-4 alkyl; 

hydrogen or C1-4 alkyl; 
and the salts, solvates and hydrates thereof. 

35 



4. 
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Preferred compounds have the structure: 




r5 



wherein 
5 A is A^- a2- a3 
wherein 

A^ is (CH2)n, and n is 3 - 5, 
a2 is X-Y-Z, 
wherein, 

10 X is a chemical bond or -NH-; 

Y is -(C=0)-, -CH2-, -(CHCH3)-, 

Z is -0-, -NH-, or a chemical bond; and 

a3 is 

15 hydrogen, methyl, ethyl, propyl, butyl, pentyl, phenyl, 

methylphenyl , chloropheny 1 , methoxypheny 1 , phenylmethylene, 
methoxyphenylmethy lene, methylphenyl methylene or 
phenylethylene; 
r1 is H02C- or HN(OH); 

20 r3 is 

tertiary butyl, phenylmethylene, cyclohexyl methylene, or 
3,5 dimethyl phenylmethylene; 
is hydrogen or methyl; 
r5 is hydrogen, methyl, 2-methylpropyl, or 1, S-dihydro-l, 3-dioxo- 
25 2H-isoindol-2-yl; and 

r6 is 

methyl, 

2 -py r idy lethy lene , 
phenylethylene , 
30 4-sulfamoyl phenylethylene, or 

morpholino-N-ethylene; 



5" 
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Even more preferred are compounds wherein A is 

-(CH2)4-0-H, 

-(CH2)3-C=0-0-H, 

- (CH2) 3-C=0-NH- (CH2) 2CH3, 
5 - (CH2) 3-C=0"NH- (CH2) 2-phenyl 

-(CH2)3-CH(CH3)-0-H, 

- (CH2) 4-NH-C=0- (CH2) 2CH3, 

- (CH2) 4-0-phenyl, 

- (CH2) 4-0- (4-chlorophenyl) , 
10 - (CH2) 4-0- (3-methylphenyl) , 

- (CH2) 4"0- (4-methoxyphenyl) , 

- {CH2) 4"0- (4-methylphenyl) , 

- (CH2) s-O-phenyl, 

- (CH2) 4-0-CH2-phenyl, 
15 - (CH2)5-0-'CH2- (4-methylphenyl) , or 

- (CH2) 3-'0-CH2" (4-methylphenyl) • 

Included in the invention are pharmaceutical compositions 
comprising an effective amount of at least one of the compounds 
20 and methods of promoting an antiarthritic effect in a mammal in 
need thereof comprising administering thereto a matrix 
metalloproteinase inhibitory effective amount of at least one 
compound of the invention. 

25 

DETAILED DESCRIPTION OR THE INVENTION 

Hereafter in this specification the term "compound" includes salt 
solvates and hydrates unless the context requires otherwise. 

30 

As used herein the term "Ci-6 alkyl" refers to a straight or 
branched chain alkyl moiety having from one to six carbon atoms, 
including for example, methyl, ethyl, propyl, isopropyl, butyl, t- 
butyl, pentyl, hexyl and the like. 

35 
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The term "C2-6 alkenyl" refers to a straight_pr branched chain 
alkyl moiety having two to six carbons and having in addition one 
double bond, of either E or Z stereochemistry where applicable. 
This term would include, for example, vinyl, 1-propenyl, 1- and 2- 
5 butenyl, 2-methyl-2-propenyl etc. 

The term "cycloalkyl" refers to a saturated alicyclic moiety 
having from 3 to 8 carbon atoms and includes for example, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. 

10 

The term "heterocyclic" refers to a saturated or unsaturated ring 
containing at least one hetero atom such as nitrogen, oxygen or 
sulphur and includes for example, furan, pyrrole, thiophen, 
morpholine, pyridine, dioxane, imidazoline, pyrimidine, pyridazine 
15 and the like. 

The term "substituted", as applied to a phenyl or other aromatic 
ring, means substituted with up to four substituents each of which 
independently may be Ci-6 alkyl, Ci-6 alkoxy, hydroxy, thiol, Ci-6 

20 alkylthiol, amino, substituted amino, halo (including fluoro, 
chloro, bromo and iodo) , trifluoromethyl, hitro, -COOH, -CONH2 or 
-CONHrA, wherein rA represents a Ci-6 alkyl group or an amino acid 
such as alanine, valine, leucine, isoleucine, phenylalanine, 
tryptophan, methionine, glycine, serine, threonine, cysteine, 

25 tyrosine, asparagine, glutamine, aspartic acid, glutamic acid, 
lysine, arginine or histidine. 

The term "amino acid" means one of the following R or S alpha- 
amino acids: glycine, alanine, valine, leucine, isoleucine, 
30 phenylalanine, tyrosine, tryptophan, serine, threonine, cysteine, 
methionine, asparagine, glutamine, lysine, histidine, arginine, 
glutamic acid and aspartic acid. 

Derivatives of amino acids include acid halides, esters and 
35 substituted or unsubstituted amides, for example N-methyl amide. 



? 
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There are several chiral centers in the compounds according to the 
invention because of the presence of asynunetric carbon atoms. 

The presence of several asymmetric carbon atoms gives rise to a 
number of diastereomers with the appropriate R or S 
stereochemistry at each chiral center. The invention is 
understood to include all such diastereomers and mixtures thereof. 

Preferred compounds include the following: 

a/ N- [ (2R) -2- [2 • - (Hydroxy amino) -2 ' - (oxo) ethyl ] -5- 

(carboxy)pentanoyl] -L-phenylalanine N-methyl amide; 

b/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 ' - (oxo) ethyl] -6- 

(phenylmethoxy) hexanoyl ] -L-phenylalanine N-methylamide; 

c/ N- [ (2R) -2- [2 (Hydroxyamino) -2 • - (oxo) ethyl] -6- 

(propylamine) -6- (oxo) hexanoyl] -L^-phenylalanine N- 
methylamide; 

d/ [ (2R) -2- [2 • - (Hydroxyamino) -2 ' - (oxo) ethyl] - (6RS) -6- 

(hydroxy ) heptanoyl ] -L-phenylalanine N-methylamide; 

e/ (2S) -N-2- [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl ] -6 • - 
(hydroxy) hexanoyl ] amino-3, 3-dimethylbutanoic acid N- 
methylamide; 

f/ (2S) -N-2-[ (2'R)-2'-[2"- (Hydroxyamino) -2"- (oxo) ethyl] -6' - 
(phenylmethoxy) hexanoyl] amino-3, 3-dimethylbutanoic acid 
N-methylamide; 

g/ N- t (2 • R) -2- [2 ' - (Hydroxyamino) -2 ' - (oxo) ethyl] -6- (4 • - 

oxobutylamino) hexanoyl] -L-phenylalanine N-methylamide; 

h/ 2 (S) -N-2- [ (2 'R) -2 • - [2-- (Hydroxyamino) -2"- (oxo) ethyl] -6* - 
(oxo) -6 • - (propylamine) hexanoyl] amino-3, 3-dimethylbuta- 
noic acid N-methylamide; 

i/ N- [ (2R) -2- [ (1 • S) -1 ' - (Methyl) -2 ' - (hydroxyamino) -2 ' - (oxo) - 
ethyl] -6- (phenylmethoxy) hexanoyl] -L-phenylalanine N- 
methyl amide; 

j/ N- [ (2R) -2- [ (1 ' S) -1 ' - (Methyl) -2 • - (hydroxyamino) -2 • - (oxo) - 
ethyl] -6- (oxo) -6- (propylamino) hexanoyl] -L-phenylalanine 
N-methylamide; 
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k/ (2S) -N-2 [ (2 'R) - [ (l''R) -1"- (1, 3-ciihydro-l, 3-dioxo-2H- 

isoindol-2-yl)methyl-2"- (hydroxyamino) -2"- (oxo)ethyl]-6'- 
(phenylmethoxy ) hexanoyl ] amino-3 , 3-dimethy Ibutanoic acid 
N-methyl amide ; 

1/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -6- (oxo) -6- 
(propylamino) hexanoyl] -L-phenylalanine N-2-phenylethyl- 
amide; 

m/ (2S) -N-2- [ (2 'R) -2 • - ( (1"S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (oxo) ethyl] -6- (phenylmethoxy) hexanoyl] amino-3, 3- 
dimethylbutanoic acid N-2-phenylethylamide; 

n/ (2S) -N-2- [ (2 'R) -2 " - [ (1"S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (oxo) ethyl] -6 • - (oxo) -6 ' - (propylamine) hexanoyl] amino- 
3, 3-dimethylbutanoic acid N-2-phenylethylamide; 

o/ (2S) -N-2- [ (2 'R) -2 • - [ (1"S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (oxo) ethyl] -6'- (oxo) -6*- (propylamino) hexanoyl] amino- 
3, 3-dimethylbutanoic acid N-2- (4'-sulfamoyl)phenylethyl- 
amide; 
p/ (2S) -N- [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 ' - 

(phenylmethoxy) hexanoyl ] amino-3-cyclohexylpropionic acid 
N-2- (4 • -sulf amoyl) phenylethylamide; 

q/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 • - (oxo) ethyl] -6 ' - (phenyl- 
methoxy) hexanoyl ] -L- (3, 5-dimethyl) phenylalanine N-2- (4 ' - 
sul f amoyl ) phenylethylamide / 

r/ (2S) -N-2 • - [ (2 'R) -2 • - [2"- (hydroxyamino) -2"- (oxo) ethyl] -6 • - 
[ ( 4 -methoxy)phenoxy] hexanoyl] amino-3, 3-dimethyl-butanoic 
acid N-2- (4 '-sulf amoyl) phenylethylamide; 

s/ (2S) -N-2 • - t (2 'R) -2 ' - [2"- (hydroxyamino) -2"- (oxo) ethyl] -6 • - 
[ ( 4 -methyl ) phenoxy] hexanoyl] amino-3, 3-dimethyl- 
butanoic acid N-2- (4 '-sulf amoyl) phenylethylamide; 

t/ (2S) -N-2 • - [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 • - 
[ (1-oxo) butylamino] hexanoyl] amino-3-cyclohexylpro- 
pionic acid N-2- (4 ' -sulfamoyl) phenylethylamide; 

u/ (2S) -N-2- [ (2 'R) -2 ' - [ (1"S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (oxo) ethyl] -6- (phenylmethoxy) hexanoyl] amino-3, 3- 
dimethy Ibut anoic acid ' N-methy lamide ; 

V/ (2S) -N-2- [ (2 'R) -2 ' - [ (1"S) -1"- (2-Methylpropyl) -2"- (hy- 
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droxyamino) -2"- (oxo) ethyl] -6- (phenylmethoxy) hexanoyl] - 
amino-3,3-diinethylbutanoic acid N-methylamide; 
w/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -6- (phenoxy) - 

hexanoyl] -L-phenylalanine N-methylamide; 
x/ [ (2R) -2- [2 • - (Hydroxyamino) -2 ' - (oxo) ethyl] -7- (phenoxy) - 

heptanoyl) -L-phenylalanine N-methylamide; 
y/ (2S) -N-2 • - [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 • 
(phenylmethoxy) hexanoyl] amino-3, 3-dimethylbutanoic acid 
N-2-phenylethylamide; 
z/ (2S) -N-2 • - [ (2 'R) -2 • - [2" - (Hydroxyamino) -2"- (oxo) ethyl] -6 ' 
(phenylmethoxy) hexanoyl ] amino-3, 3-dimethylbutanoic acid 
N-2- (4 ' -sulfamoyDphenylethylamide; 
aa/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -5- (phenyl- 
methoxy) pentanoyl ] -L-phenylalanine N-methylamide; 
ah/ N- [ (2R) -2- [2 » - (Hydroxyamino) -2 • - (oxo) ethyl] -7- (phenyl- 
methoxy) heptanoyl ] -L-phenylalanine N-methylamide; 
ac/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 • - (oxo) ethyl] -6- (phenyl- 

oxy) hexanoyl ] -L-phenylalanine N-methylamide; 
ad/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 • - (oxo) ethyl] -7- [ (phenyl- 

oxy) heptanoyl] -L-phenylalanine N-methylamide; 
ae/ (2S) -N-2 [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6' 
[ (2-phenethylamino) -6* (oxo) hexanoyl] amino-3, 3- 
dimethylbutanoic acid N-methylamide; 
af / (2S) -N-2 [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6' 
[ (4-methylphenoxy ) hexanoyl] amino-3, 3-dimethylbutanoic 
acid N-methylamide; 
ag/ (2S) -N-2 [ (2 'R) -2 (2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 • 
[ (4-chlorophenoxy) hexanoyl] amino-3, 3-dimethylbutanoic 
acid N-methylamide; 
ah/ (2S) -N-2 • - [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 • • 
[ (3-methylphenoxy) hexanoyl] amino-3, 3-dimethylbutanoic 
acid N-methylamide; and 
ai/ (2S) -N-2 ' - [ (2 • R) -2 ' - (carboxy methyl) -6 ' - (3- 

methylphenoxy) hexanoyl] amino-3, 3-dimethylbutanoic acid N 
methylamide. 
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Compounds of the invention may be prepared by any suitable method 
known in the art and/or by the following process, which itself 
forms part of the invention. 

5 According to another aspect of the invention, there is provided a 
process for preparing compounds of the invention as defined above. 
The following is a schematic for the preparation of a common 
intermediate used to prepare compounds of the invention by various 
routes • 



10 
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Synthesis of compounds of the invention from the common 

intermediate 
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HOHNOC. 



R* 



AUH2C)OH2C 



O 

pr Amines 




R» 



pr Caiboxylic acids 



c/4i,a,d^ 

OR \ C0NHA3 

a.c.eAh.g\ ^cH2)n 



HOHNOC,.^^^ 



pr Caitexamides 



a,c,e4n,n^,g 



COA3 
(CH2)n 



c.ijc,a,d 

OR HOHNOC< 

c,y,a,d i j|' 



ll A 



R» 



HOHNOC 



* II - 

pr Aiylalkyloxy alkanes 



R» 

Ketones 



>/2 
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Synthesis of other compounds of the invention from the common 
intermediate. 



HNOHOC, 



^aNHCONHM 

i n L 



Pr Ureas 



CH2SC0M 



sC4J.g,q,a,d CHzOCHaAr 
(CH2)n p4 



^H20CONHA3 
{CH2)np4 

c/i,a,dy/ Pl'Urethanes 



HOHNOC^ 



c4,u,U,d 



HOHNOC 



(CH2)n ^ ^ 



O 

Common 
iiuennediate 



C^NHGOOAS 



(CHa)n ^ 



HOHNOC. 




HOHNOCX^^^^^^J^^^lL^ 



ma 1-6 
PI' Aiylalkyl thioethers 



CHgSH 
(CH2)n , 



PI* Reverse urethanes 




HOHNOC. 



c,i,u,a,d 

OR 
c.z,a,d 



pr Reverse esters 



Pl'Thids 



Conunon 
intennediate 



HOHI 



PVai^ ethos 



>/3 
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a) TFA 

b) i) I sobutylchloro formate, NMM, TMSONH2, H2O 

c) Hydrogenolysis 

d) i) Isobutylchloroformate, NMM, TMSONH2 ii) H20 OR 

5 i) isobutylchloroformate, NMM, B2ONH2 ii) 5% Pd-C^ H2 

e) Isobutylchloroformate,NMM, BZONH2 

f) Oxidation 

g) Cat. H2 

h) Coupling with A3NH2, where A3 is not H 
10 i) MsCl 

j) NaN3 

k) Ar(CH2)mO- 

1) Coupling with A3C0C1, where A3 is not K 
m) PDC, CH2C12 
15 n) CH3Ti(OCHMe2)3 OR A3Mgx, where A3 is not H 

o) Reductive amination with NH4OAC (Primary amine) or A3NH2 

(secondary amine) , where A3 is not H 
p) Reductive amination with A3CH0 or alkylation with A3X, where 
A3 is not H 
. 20 q) A3NC0, where A3 is not H . 
r) COCI2 or Triphosgene 
s) A30H, where A3 is not H 
t) (C0C1)2 
u) NaSH 

25 V) Ar(CH2)mS- 
w) A3S 

X) Cat. H2/ with repeated additions of catalyst 
y) Base, Ar(CH2)mX 

z) i) PPh3, i-proOCN=NCO-i-pro, CH3COSH ii) LiOH 
30 aa) PPh3, DEAD, ArOH 



In a further aspect of the invention there is provided the use of 
a compound of invention in medicine, particularly in a method of 
treatment of diseases in which collagenolytic activity is 
35 important. 



In another aspect of the invention there is provided the use of a 
compound of the invention in the preparation of an agent for the 
treatment of diseases in which collagenolytic activity is 
40 important . 



The invention also provides a pharmaceutical composition 
comprising one or more compounds of the invention in association 
with one or more non-toxic pharmaceutically acceptable carriers * 
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and/or diluents and/or adjuvants. Other active ingredients may 
also be included in the compositions of the invention. 

The compositions of the present invention may be formulated for 
5 administration by any route depending on the disease being 
treated. The compositions may be in the form of tablets, 
capsules, powders, granules, lozenges, liquid or gel preparations, 
such as oral, topical, or sterile parental solutions or 
suspensions.' 

10 

Tablets and capsules for oral administration may be in unit dose 
presentation form, and may contain conventional excipients. 
Examples of these are binding agents such as syrup, acacia, 
gelatin, sorbitol, tragacanth> and polyvinylpyrollidone; fillers 

IS for example lactose, sugar, maize-starch, calcium phosphate, 
sorbitol or glycine/ tableting lubricants, for example, magnesium 
sterate, talc, polyethylene glycol or silica; disintegrants, for 
example potato starch, or acceptable wetting agents such as sodiiim 
lauryl sulphate. The tablets may be coated according to methods 

20 well known in normal pharmaceutical practice. Oral liquid 
preparations may be in the form of, for example, aqueous or oily 
suspensions, solutions, emulsions, syrups or elixirs, or may be 
presented as a dry product for reconstitution with water or other 
suitable vehicle before use. Such liquid preparations may contain 

25 conventional additives such as suspending agents for example 
sorbitol, syrup, methyl cellulose, glucose syrup, gelatin, 
hydrogenated edible fats; emulsif lying agents, for example 
lecithin, sorbitan monooleate, or acacia; non-aqueous vehicles 
(which may include edible oils) , for example almond oil, 

30 fractionated coconut oil, oily esters such as glycerine, propylene 
glycol, or ethyl alcohol; preservatives, for example methyl or 
propyl p-hydroxybenzoate or sorbic acid, and if desired 
conventional flavoring or coloring agents. 

35 The dosage unit involved in oral administration may contain from 
about 1 to 250 mg, preferably from about 25 to 250 mg. A suitable 
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daily dose for a mammal may vary widely depending on the condition 
of the patient. However, a dose of about 0.1 to 300 mg/kg body 
weight, particularly from about 1 to 100 mg/kg body weight may be 
appropriate. 

5 

For topical application to the skin, the drug may be made up into 
a cream, lotion or ointment. Cream or ointment formulations that 
may be used for the drug are conventional formulations well known 
in the art,- for example, as described in standard text books of 
10 pharmaceutics such as the British Pharmacopoeia. 

For topical applications to the eye, the drug may be made up into 
a solution or suspension in a suitable sterile aqueous or non- 
aqueous vehicle. Additives, for instance buffers such as sodium 
15 metabisulphite; preservatives including bactericidal and 
fungicidal agents, such as phenyl mercuric acetate or nitrate, 
benzalkonium chloride or chlorohexidine, and thickening agents 
such as hydrocellulose may also be included. 

20 The dosage employed for the topical administration will, of 
course, depend on the size of the area being treated. 

The active ingredient may also be administered parenterally in a 
sterile medium. The drug depending on the vehicle and 
25 concentration used, can either be suspended or dissolved in the 
vehicle. Advantageously, adjuvants such as local anaesthetic, 
preservatives and buffering agents can be dissolved in the 
vehicle . 

30 For use in the treatment of rheumatoid arthritis, the compounds of 
this invention can be administered by the oral route or by 
injection intra-articularly into the affected joint. The daily 
dosage for a 70 kg mammal will be in the range of 1 mgs to 1 gram. 

35 The following examples illustrate the invention, but are not 
intended to limit the scope in any way. 



^6 
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EXAMPLE 1 

ppffPAPATTON OF TNTERMEDTATRS 

5 la. .Synthesis nf 6-Phenylmet:hovy>iAvane>l>Ql . Hexane-1, 6-diol 
[25 g, 0.21 mol] is dissolved in dry/distilled THF (300 mL) 
under a N2 atmosphere. 80% NaH [6.3 g, 0,21 mol] is then 
added with vigorous stirring in small portions over --10-20 
minutes Evolution of gas (H2) is noted. The reaction is 

10 heated to reflux with continued vigorous stirring for 4.5 

hours resulting in the formation of a thick gray-colored 
solid. Benzyl bromide [25 mL, 0.21 mol] is added in one 
portion, and the reaction is allowed to reflux for -22 hours 
The solid mass is replaced by a white-colored solid (NaBr) 

15 which is filtered from the reaction after cooling to room 

temperature. The solid is washed with THF and the combined 
filtrates are evaporated, leaving a yellow oil. The oil is 
taken up in Et20, and washed successively with distilled 
water until there is no indication of the starting diol (as 

20 determined by TLC) and then washed with brine. The organic 

layer is dried over Na2S04 and the Et20 is evaporated. The 
resulting oil is a mixture of the di-and mono-benzylated 
hexanol .(approximately a 2:1 ratio of mono to di-benzylated 
based on ^H^ NMR data, 38.05 g, 60% yield). The mixture is 

25 used without further purification in the next step. 

Isolation of a small amount of mono benzylated product gives 
the following data; Ir- NMR (CDCI3) : 51.3-1.7 (m, 9H, -(CH2)4 
and -OH), 3.5 (t, 2H, -£H20CH2Ph) , 3.64 (t, 2H, -JCa20H) , 4.5 
(s, 2H, -0£Ii2Ph), 7.3 (m, 5H, Ar) . 

30 

lb. Synthf^sis nf g-Phenylmethoxyhexanoie aeid A solution of 
compound obtained in example la (38 g, 0.114 mol) in 50 mL of 
dry DMF is added dropwise to a solution of DMF (300 mL) 
containing pyridinium dichromate (128 g, 0.342 mol) The 
35 reaction is slightly exothermic and so is maintained at 10- 

20^C for the first few hours of the reaction. The reaction 
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is stirred for 9 hours at room temperature. The reaction is 
diluted with 2.5 L H2O and extracted 10 times with EtOAc (150 
mL) which is in turn washed with H2O. Remaining PDC is 
removed by filtering the EtOAc extractions through anhydrous 
MgS04. The organic layer is then extracted with 1 N NaOH (5 
times) . The combined basic extractions are washed with 
several portions of fresh EtOAc. The basic layer is then 
slowly acidified with concentrated HCl to a pH 2-3 and 
extracted 5 times with EtOAc. The combined organic layers 
are dried over Na2S04 and the solvent is evaporated to afford 
pure acid (-75% yield) . 

1h- NMR (CDCI3): 51.45 (m, 2H, -CH2) r 1.65 (m, 4H, -(CH2)2)# 
2.35 (t, 2H, -CH2C00H), 3.37 (t, 3H, -I2i20CH2Ph) , 4.5 (s, 2H, 
15 -0£H2Pb), 7.3 (m, 5H, Ar) . 

Ic. Synthesis of S-Phenvlmethoxyhevanovl ghlnT-iHo 30.52 g 
of the compound of Example lb [0.14 mol] is dissolved in dry 
CH2CI2 and cooled to 0°C. Oxalyl chloride [13.09 mL, 0.154 

20 mol] is added in one portion. Some minor gas evolution (CO2) 

is observed. -5 drops of dry DMF is added with stirring and 
the gas evolution is noticeably more vigorous. The reaction 
is allowed to stir while warming to room temperature until no 
more bubbling is observed and then stirred -30 minutes more. 

25 The solvent and remaining oxalyl chloride is removed under 

vacuum. A yellow oil with some solid dispersed in it 
remains. The oil is filtered through a dry filter, then is 
placed on high vacuum suction until used in the next step 
(29.6 g, 90+% yield) . 

30 

NMR (CDCI3): 51.37 (m, 2H, -CH2) , 1.7 (m, 4H, -(CH2)2)/ 
2.9 (t, 2H, -i:H2C0Cl), 3.5 (t, 2H, - CH20CH2Ph) , 4 . 5 (s, 2H, 
-0£Ii2Ph) , 7 , 35 (m, 5H, Ar) . 



5 



10 



wo 95/22966 



PCT/US95/02249 



Id. ^vnf hfiRifi of r4S^-4-benzvl-3- T r ^ ^phenylme^hoxv^ hexa- 

novll ■2-QxazQlidone (S) - (-) -4-benzyl -2-oxazolidinone 
[21.08 g, 0.12 mol] is dissolved in dry/distilled THF (250 
mL) under a N2 atmosphere and cooled to -78**C. A solution of 
5 1.6M n-butyl lithium in hexane (n-BuLi). [74.77 mL, 0.12 mol] 

is added dropwise with stirring while maintaining the 
reaction between -65*^C to -78**C. Near the end of this 
addition, the reaction is observed to turn a deeper yellow 
color, * indicating benzylic protons being deprotonated and 

10 that enough n-BuLi has been added. The reaction is allowed 

to stir at -78^C for 25 minutes, then 28.8 g of the compound 
of example Ic [0.12 mol] in THF (100 inL) is added dropwise, 
maintaining the reaction near -78°C. The deep yellow color 
of the reaction lightens with the addition. The reaction is 

15 allowed to gradually warm to room temperature and then is 

quenched with the addition of a saturated solution of NH4CI 
(150 mL) . The THF is evaporated and the residue is extracted 
into Et20 which is washed with 0.5 N NaOH (5 times), H2O, and 
finally brine. It is then dried over Na2S04 and evaporated 

20 to an oil residue which is purified by flash column 

chromatography to give 46.5 g (85% yield) . 

3-H- NMR (CDCI3) : 61.5 (m, 2H, -CH2) / 1.7 (m, 4H,-CH2)2)r 2.77 
(dd, IH, -CH£Ii2Ph), 2.95 (m, 2H, -£Il2C0N) , 3.3 (dd, IH, 
25 -CHCH2Ph), 3.5 (t, 2H, -CH20CH2Ph) , 4.17 (m, 2H, ring -£H2)f 

4.5 (s, 2H, -0CH2Ph), 4.67 (m, IH, ring -CH) , 7.3 (m, lOH, 
Ar) . 

le. Synthesis of f 4S> -4-benzvl^3- r r 2 ' -2 ' - f tert-butoxy- 
30 carbonvlmethvl^ ->6' - f phenvlmefchoxv^ hexanovl T -g^ovago- 

lidone Diisopropylamine [1.82 mL, 13 mmol] in dry /distilled 
THF (10 mL) is cooled to -15*^0 under a N2 atmosphere. A 
solution of 1.6M n-BuLi in hexane [8.12 mL, 13 mmol] is 
slowly added dropwise with stirring while maintaining the 
35 temperature below 0°C. The reaction is allowed to stir at 
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0**C for 30 minutes and then cooled to -78**C. The product of 
example Id [4.71 g, 12 mmol] In 50 mL THF Is added' dropwlse 
with stirring while maintaining the temperature near -78^C. 
Stirring is continued for 30 minutes. A solution of t-butyl 
bromoacetate [1.8 mL, 12 mmol] in THF (25 mL) is then added 
dropwise at -78^C. Following addition, the reaction is 
allowed to warm to room temperature and then quenched 
cautiously with H2O. The THF is evaporated and the residue 
extracted into EtOAc. The organic layer is washed with 5% 
NaHC03, 5% citric acid, and brine, and then dried over 
Na2S04« The solvent is evaporated, and the resulting oil 
solidified on standing. The solid product is recrystalized 
with EtOAc/hexane several times, or alternatively, flash 
chromatography is used. This affords 3.21 g of a white 
fluffy crystal (55% yield) • 

1h- NMR {CDCI3) : 5 1.4-1.72 (s and m, 15H, t-butyl and - 
(CH2)3)/ 2.48 (dd, IH, -C0CH2CHC0) , 2.75 (overlapping dd, 2H, 
one - C0£Ii2CHC0 and one -CH£Il2Ph) , 3.34 (dd, IH, -CHCHgPh) , 
3.45 (t, 2H, - £il20CH2Ph), 4.15 (m, 3H, ring -CH2 and 
-CH2CHC0), 4.48 (s, 2H, -QCH2Ph) , 4.63 (m, IH, ring -CH) , 7.3 
(m, lOH, Ar) . 

If. Svnthesis of f 2R) -2- ftert-butoxygarbonvlmethvl^ 

(PhenYlmetbQXy) hexanoic aeldO.S g of the compound of 

Example le is dissolved in 15 mL of a 4:1 THF/H2O solution 
and cooled to about 0°C, but not below, under a N2 
atmosphere. Slowly, dropwise and with stirring, 30% aqueous 
H2O2 [0.5 mL, 4.4 mmol] is added. After stirring 5 minutes, 
a solution of LiOH»H20 [0.07 g, 1.5 mmol] in 2 mL H2O is 
added dropwise. Some gas evolution is observed. The 
reaction is warmed slowly to room temperature and stirred for 
1 hour, then a solution of Na2S03 [0.2 g, 1.7 mmol] in 2 mL 
H2O is added dropwise. Some heat is evolved during this 
process, so the reaction is cooled with an ice bath. After 



20 
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Stirring -20 minutes the THF is evaporated (below 30^C) and 
the basiC/ aqueous mixture remaining is extracted with EtOAc 
(5 times) . These combined extracts contain the free benzyl 
oxazolidinone which can be recrystalized and recycled for 
5 further use. 

The basic layer is then cooled and acidified with the slow 
addition of concentrated HCl to a pH 2-3. The cloudy mixture 
is then extracted 5 times with EtOAc, dried over Na2S04 and 
10 evaporated to give 0.29 g of pure acid (86% yield). 

1h- NMR (CDCL3): 5 1.42-1.7 (s and m, 15H, 5-butyl and 

-{CH2)3)# 2.37 (dd, IH, -C0£JL2CHC0) , 2.6 (dd, IH, 

-C0^2CHC0), 2.8 (m, IH, -C0CH2ILH.C0) , 3.45 (t, 2H, 
15 -CH20CH2Ph), 4.5 (s, 2H, -0CH2Ph) , 7.3 (m, 5H, Ar) . 

Ig. SynthRfiiS of r /2R^ r^eri^^bni^exyearbonvlmet^hvl^ -C- 

fphenYlmethOXY) hexanevl 1 -I.-phenvlalanine W-mel^hyl- 

amide A solution of the product of Example If (3.36 g, 0.01 

20 mol) and L-phenylalanine N-methylamide TFA salt (2.9 g, 0.01 

mol) in dry dimethylf ormamide (40 mL) under nitrogen are 
cooled to -6^C and treated dropwise with 
diethylcyanophosphonate (1.63 g, 0.01 mol) followed by 
triethylamine (3.03 g, 0.03 mol). The reaction mixture is 

25 stirred at O^C for 1 hour, warmed to room temperature over 1 

hour, and then stired for two additional hours. The reaction 
mixture is diluted with water and extracted with ethyl 
acetate. The combined ethyl acetate layers are sequentially 
washed with 5% citric acid, saturated sodium bicarbonate, 

30 water, and brine. The ethyl acetate is separated, dried 

(Na2S04), and evaporated. The residue is purified by silica 
gel column chromatography using 50-70% ethyl acetate in 
hexanes as the eluent. The appropriate fraction yielded 4.21 
g of the product (85%) . 



2^ 
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1h NMR (CDCI3) 8 1.20 -180 (m, 15H, CCH2CH2CH2C and t-butyl 
H) / 2.25 - 2.60 (m, 3H, CH2CO and CHCO) , 2.65 (d, 3H, NCH3) , 
3.38 (t, 2H, CCH2O) , 3.07 (d, 2H, ArCH2C) , 4.44 (s, 2H, 
0CH2Ar), 4.57 (q, IH, NCH) , 6.34 (q, IH, NH) , 6.52 (d, IH, 
5 NH), 7.20 - 7.60 (m, lOH, ArH) . 

EXAMPLE 2 

y- r rgR^ 12 ' ■ rHvdreaevamino) ^2 ' foxel efchvll -6- 
10 rphenvlmethoxv^ hexanovll -L-phenvlalaninc K-methvlamlde 

2a. Synthesis nf r f f earboxvmethvl> -6- 

methvlamide A solution of the compound formed in Example 
15 Ig (0.33 g, 0.66 mmol) In trlfluoroacetic acid (7 mL) and 

water (3 mL) is stirred at room temperature for 6 hours. The 
solvents are removed on a rotary evaporator. The residue is 
treated with acetonitrile and evaporated (three times) in 
order to azeotrope water. The crude product is placed on a 
20 high vacuum pump for 2 hours to give a gummy material, which 

is triturated with diethyl ether to produce a colorless 
solid. The solid was collected by filtration and air dried. 
(0.227 g, 78% yield) . 

25 1h NMR(MeOH-d4) 8 0.80 - 1.50 (m, 6H, CCH2CH2CH2C) , 2.00 - 

2.60 (m, 6H, NCH3, CH2CO and CHCO) , 2.74 (dd) and 2.'92 (dd), 
(2H, CCH2Ar),3.20 (t, IE, OCH2C) , 4.25 (m, 0CH2Ar and NCH) , 
6.90 - 7.30 (m, lOH, ArH). 

30 2b. Under nitrogen atmosphere, the carboxylic acid formed in 
Example 2a (0.44 g, 1.0 mmol) is dissolved in dry 
tetrahydrofuran (20 mL) , and treated with N-methyl morpholine 
(0.13 g, 1*15 mmol) via syringe. The reaction mixture is 
cooled to -lO^C and treated with isobutylchlorof ormate (0.15 

35 mL, 1.15 mmol) via syringe. After stirring the suspension 
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for 20 minutes, 0- (trimethylsilyl) hydroxy lamine (0.12 mL, 
1.15 romol) is added via syringe and the reaction mixture is 
stirred in the cold for 3 hours. The ice bath is removed, 
the reaction mixture is filtered, and the filtrate is 
5 evaporated to a colorless solid. The solid is triturated 

with methylene chloride, collected by filtration, and air 
dried to give 0.27 g of a colorless solid (59% yield). 

1h NMR(MeOH-d4) 5 1.6-1.1 (m, 6H, CCH2CH2CH2C) , 2.22 (dd, 
10 IH) and 2.10 (dd, IH) CH2CON,2.60 (m, IH, CH2CHCO) , 2.64 (d, 

3H, NHCH3)/ 3.15 (dd, IH) and 2.96 (dd, IH, OCH2Ar),3.40 (t, 
2H, £Il20CH2Ar)^ 4.46 (s, 2H, ArCH20) , 4.49 (M, IH, NCHCO) , 
7.35-7.10 (m, lOH) , 7.90 (m, IH) , 8.20 (d, IH) . 

15 EXAMPLE 3 

fhYdroxY) hfixanQYll -L-phenvlalanine M-methylamide 

20 3a. Svnthesi s of W> T (2R) -2- rtert-butoxvcarbonvlmethvl 

(hvdrQxvl hexanovn -L-phenvlalanine W-methvlamide Under 
nitrogen atmosphere, a solution of the compound formed in 
Example Ig (2.5 g, 0.005 mol) in methanol (50 mL) is treated 
with ammonium formate (2.5 g) and 10% Pd/C (1.0 g) . The 

25 mixture is heated to reflux for 4 hours at which point 2.5 g 

of ammonium formate is added and refluxing is continued for 2 
hours. The heat is removed and the reaction mixture is 
allowed to stand overnight at room temperature. After 15 
hours, ammonixam formate (2.5 g) and 10% Pd/C (0.2 g) are added 

30 and the reaction mixture is heated at reflux for 4 hours. The 

reaction mixture is cooled and the catalyst is collected via 
filtration. The filtrate is evaporated to dryness and the 
residue is partitioned between water and ethyl acetate. The 
ethyl acetate layer is washed with water, then dried 

35 (Na2S04), filtered, and evaporated. The product is purified 
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by silica gel column chromatography using 5% methanol in 
ethyl acetate as the eluent, (1,3 g, 64% yield), 

1h NMR (CDCI3) 51.00 - 1.70 (m, 15H, CCH2CH2CH2C and t-butyl 
H), 2.25 - 2.60 (m, 3H) , 2.69 (d, 3H, NCH3) , 3.00 - 3.20 (m, 
2H, CH2Ar), 3.50 - 3.70 (m, 2H, CH2O) , 4.56 (q, IH, NCH) , 
6.15 (m, IH, NH), 7.13 (d, IH, NH) , 7.15 - 7.45 (m, 5H, ArH) . 

3b. Synthesis of r (2^\ -2- /Carboxvin efehyl^ -fi- rhvdyriyY^ - 

hfixanoy l l - L -phftnyla l an i nft N-m^t^hviam^rto The product 

formed in Example 3a (0,7 g, 1.72 mmol) is dissolved in 10 mL 
of a 7:3 trif luoroacetic acid-water mixture and stirred at 
room temperature for 4.5 hours The solvents are removed on a 
rotary evaporator and the residue is treated with 
acetonitrlle and evaporated (three times) in order to 
azeotrope water. The colorless solid is dried on a high 
vacuum pump for 4 hours, then triturated with diethyl ether. 
The colorless solid is collected by filtration and dried. 
(0.6 g, 100% yield) . 

1h NMR(MeOH-d4) 50.88 - 1.60 (m, 6H, CCH2CH2CH2C) , 2 . 15-2 . 60 
(m, 6H, NCH3, CH2CO and CHCO) , 2.75 (dd) and 2.90 (dd) (2H, 
CH2Ar), 4.10 (t, 2H, CH2O) , 4.30 (q, IH, NCH) , 6.90-7.30 (m, 
5H, ArH), 7.58 {m, IH, NH) , 8.00 (d, IH, NH) . 

3c. Under nitrogen atmosphere, the product of example 3b (0.245 
g, 0.7 mmol) is dissolved in dry tetrahydrofuran (20 mL) , 
cooled to -15 C and treated with N-methylmorpholine (0.14 g, 
1.33 mmol). After 5 minutes, Isobutylchloroformate (0.18 g, 
1.33 mmol) is added dropwise and the reaction mixture is 
stirred for 15 minutes. 0- (trimethylsilyl) hydroxylamine (0.42 
g, 3.9 mmol) is added dropwise. The reaction mixture is 
stirred at -15 C for 1 hour, followed by 1 hour at 0**C, then 
30 minutes at room temperature. The reaction mixture is 
filtered and the filtrate is evaporated to dryness. The 
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residue is triturated first with diethyl ether followed by 
methylene chloride. The solid is collected by filtration and 
purified by preparative thin-layer chromatography using 15% 
methanol in methylene chloride as eluent, giving a colorless 
5 solid. (0.12 g, 25% yield). 

1h NMR(MeOH-d4) 50.80 -1.50 (m, 6H, CCH2CH2CH2C) , 1.80 - 2.10 
(m, 2H, CH2CO), 2.30 - 2.44 (m, IH, CHCO) , 2.47 (s, 3H, 
NCH3),'2.95 (dd) and 2.72 (dd) (2H, ArH) , 3.25 (t, 2H, CH2O) , 
10 4.30 (q, IH, NCH), 6.90 - 7.30 (m, 5H, ArH) . 

Mass (FAB) : 366 (MH+) 



EXAMPLE 4 

15 r f 2R1 -2^ r2 ' - f HvdroxvaminQ^ -2 ' - ( QXQ > ethvll "5 - 

(narboxyl pent anoyll -L-phenylalanine N-mej^hylamide 

4a. 5;yn^hAfiifi nf N- T r2R) -2- r2 ' - (PhenvlmethoxvaminQ ) -2 ' - 
rnxol efeh yll -6- /hydroxy^ heieanovn -I^-phenvlalanine 

20 niftfchyl amide Under nitrogen atmosphere, the carboxylic acid 

product formed in Example 3b (0.035 g, 0.1 ininol) is dissolved 
in anhydrous dimethylf ormamide (1 mL) and treated with N- 
methylmorpholine (0.017 mL, 0.15 mmol) . The reaction is 
cooled to -10* C and treated dropwise with 

25 isobutylchloroformate (0.02 mL, 0.15 mmol). The reaction is 

stirred for 20 minutes, then a suspension of 0- 
benzylhydroxylamine hydrochloride (0.024 g, 0.15 mmol) and N- 
methylmorpholine (0.017 mL, 0.15. mmol) in dimethylf ormamide 
(1.5 mL) is added. After stirring 20 minutes, the ice bath 

30 is removed and the reaction mixture is stirred for 3 hours. 

The dimethylf ormamide is removed on a rotary evaporator and 
the residue is dissolved in ethyl acetate. The ethyl acetate 
is washed with 5% citric acid and 5% sodium bicarbonate, then 
dried (Na2S04), filtered, and evaporated. The solid is 

35 triturated with diethyl ether and collected by filtration to 

give 10 mg (2% yield) of compound. 
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1h NMR (MeOH-d4) 81, 6-1-1 (m, 6H, CCH2CH2CH2C) , 2.13 (m, 2H, 
Cfl2CHC0), 2.67 (m, IK, CH2CHCO) , 2.69 (d, 3H, NCH3) , 3.15 
(dd) and 2.94 (dd) , (2H, CH2Ar) , 3.48 (t, 2H, CH2OH) , 4.50 
5 (m, IH, NCHCO), 4.80 (s, 2H, ArCH20) , 7.4-7.17 (m, lOH, Ar) , 

7.94 (m, IH, NH), 8.24 (d, IH, NH) . 

4b. gynthftSifi nf N- r (2R) "2«- 12 ^ ■ f Phenylmefchexvamino^ -2 ' - 

10 imf^^Y'* ^"^'^^ A solution of the compound of Example 4a (0.05 

g, 0.11 mmol) in dimethyl formamide (1 mL) is treated with 
pyridinium dichromate (0.144 g, 0.38 mmol) at room 
temperature overnight. The reaction mixture is partioned 
between ethyl acetate and water. The aqueous layer is 

15 separated and extracted with ethyl acetate. The ethyl 

acetate extracts are combined, dried (Na2S04), filtered, and 
evaporated to a gum. Trituration with diethyl ether produces 
an off-white solid (0.023 g, 45% yield). 

20 1h NMR (MeOH-d4) 51.6-1.1 (m, 6H, CCH2CH2CH2C) , 2.27-2.02 (m, 

4H, £il2CHC0 and CH2COOH) , 2.70 (m, 4H, NCH3 and CH2£iiC0) , 
3.15 (dd) and 2.92 (dd) , (2H, CH2Ar) , 4.55 (m, IH, NCHCO) , 
4.80 (s, 2H, ArCH20), 7.43-7.10 (m, lOH, Ar) , 7.91 (m, IH, 
NH) , 8.24 (d, IH, NH) . 

25 

4c. A solution of the compound formed in Example 4b (0.023 g, 
0.049 mmol) in ethanol (5 mL) is treated with 10% Pd/C (0.010 
g) and pyridine (2 drops) under hydrogen atmosphere. After 
32 hours, the reaction mixture is filtered to remove catalyst 
30 and the filtrate evaporated to a yellow oil and placed under 

high vacuum to give a gum. Trituration with diethylether 
produces an off-white solid, which is collected by filtration 
and dried under a nitrogen flow to give the final compound. 

35 1h NMR (MeOH-d4) 51.91-1.35 (m, 6H, CCH2CH2CH2C) , 2.30-2.10 

(m, 4H, £Ii2CHC0 and CH2COOH) , 2.62 (m, IH, CH2£HC0) , 2.70 (s. 
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3H, NCH3), 3.15 (m) and 2,95 (m) , (4H) , 4.52 (t^ IH, NCHCO) , 
7.36-7.15 (m, 5H, Ar) . 

EXAMPLE 5 

5 

|pyftpvlainine> /exol hexanovll -L^phenvlalanlne — 

mftthylamidfl 

10 5a. <^yni-hP.qis of W-T f2R^ -2- f l^ert-Butoxvcarbonvlmethvl > -5- 

Pyridinium dichromate (0.658 g, 1.7 mmol) is added to a 
solution of the compound formed in Example 3a (0.203 g, 0.5 
mmol) in DMF (2 mL) under a nitrogen atmosphere. The 

15 resulting mixture is stirred at room temperature for 16 

hours. The reaction mixture is diluted with water and 
extracted with ethyl acetate. The combined ethyl acetate 
layers are washed with water and brine. The ethyl acetate is 
separated, dried (Na2S04) r arid evaporated. The gummy crude 

20 product (0.18 g) without any further purification is used in 

the next step. 

Ir NMR {CDCI3) 81.10 - 1.80 (m, 13H, CCH2CH2C, t-butyl H) , 
2.20 - 2.80 (m, 8H) , 3.00 - 3.20 (m, 2H) , 4.68 (q, IH, NCH) , 
25 6.50 (s, IH) , 7.00 - 7.60 (m, 5H, ArH) . 

5b. ^ynthg>fiis nf M- T (2Tt\ -2- f tef t-Butoxvcarbonvlmethvl > -6- 
fpyopviamino^ -6- roxoi hexanovll -L-phftnvlalanine — M-me- 
^hylamlde A solution of the acid of example 5a (0.18 g, 

30 0.43 mmol) and n-propylamine (0.1 g, 1.7 mmol) in dry DMF (5 

mL) under nitrogen is cooled to -5^C and treated dropwise 
with diethylcyanophosphonate (0.07 g, 0.43 mmol) followed by 
triethylamine (0.86 g, 0.85 mmol). The reaction mixture is 
stirred at O^C for 1 hour, then slowly allowed to come to 

35 room temperature during 1 hour. The reaction mixture is 

stirred at room temperature for 3 hours, then diluted with 
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water and extracted with ethyl acetate and ether solvents. 
The combined organic layers are sequentially washed with 5% 
citric acid, saturated NaHCOa, water, and brine. The organic 
layer is separated, dried (Na2S04), and evaporated. The 
residue is triturated with diethyl ether to produce a white 
solid. The solid is collected by filtration and air dried to 
give 0.065 g. The overall yield for two steps is 28.3%. 

1h NMR- (CDCI3) 50.91 (t, 2H, CH2CH3), 1.30 - 1.80 (m, 15H, 
CCH2CH2C, CH2CH3, t-butyl H), 2.13 (t, 2H, CH2CON), 2.25 - 
2.60 (m, 3H, CH2COO and CHCO) , 2.71 (d, 3H, NCH3) , 3.05 - 
3.30 (m, 4H, NHCH2Ar and CH2Ar) , 4.62 (q, IH, NCH) , 5.98 (br 
Signal, IH, NH) , 6.38 (br signal, IH, NH) , 6.70 (br signal, 
IH, NH), 7.10 - 7.40 (m, 5H, ArH) . 

5c. SvnthftSl.S of N-rf2R>-2-fnarhexvinA<.htr1 

A solution of the compound formed in example 5b (0.06 g, 0.13 
mmol) in trifluoroacetic acid (3.5 mL) , and water (1.5 mL) is 
stirred at room temperature for 4 hours. The solvents are 
removed on a rotary evaporator. The residue is treated with 
acetonitrile and evaporated (three times) in order to 
azeotrope water. The white solid obtained is placed on a 
high vacuum pump for 1 hour. The product is triturated with 
diethyl ether. The product is collected by filtration and 
air dried to give 0.045 g (85.4% yield) of a white solid. 

1h NMR (MeOH-d4) 80.70 (t, 2H, CH2CH3), 1.10 -1.5 (m, 6H, 
CH2CH3 and CCH2CH2C), 1.91 (t, 2H, CH2CON) , 2.05 - 2.60 (m, 
6H, CH2COO, CHCO and NCH3) , 2.70 - 3.00 (m, 4H, NHCH2 and 
CH2Ar), 4.30 (q, IH, NCH) , 6.90 - 7.30 (m, 5H, ArH), 7.60 (m, 
IH) , 8.00 (d, IH) . 
Mass (FAB) : 406 (MH+) 
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Sd. Under a nitrogen atmosphere, the carboxylic acid compound 
formed in example 5c (0.04 g, 0.1 mmol) in dry THF (10 mL) is 
cooled to -15*^C (solubility of the acid seems to be low in 
THF/ at low temperature some acid precepitated out) and 
treated with N-methylmorpholine (0.02 g, 0.2 mmol). After 
five minutes, isobutylchloroformate, (0.027 g, 0.2 mmol) is 
added dropwise and the reaction mixture is stirred for 35 
minutes. 0- (trimethylsilyl) hydroxy lamine (0.126 g, 1.2 mmol) 
is added dropwise. The reaction mixture is stirred at -1S**C 
for 1 hour, followed by 1 hour at 0**C, then 1.5 hours at room 
temperature. The reaction mixture is filtered and the 
precipitate washed several times with dichloromethane . The 
residue is once again taken into dichloromethane and stirred 
for 2 hours. The white solid is collected by filtration and 
dried in vacuuo to give the final product. 

1h NMR (MeOH-d4) 80.70 (t, 3H, CH2CH3) , 1.10 -1.50 (m, 6H, 

CH2CH3 and CCH2CH2C), 1.80 - 2.10 (m, 4H, CH2COO and CH2CON) , 
2.30 - 2.60 (m, 4H, CHCO, NCH3) , 2.65- 3.05 (m, 4H, NHCH2 and 
CH2Ar), 4.30 (d, IH, NCH) , 6.90 - 7.30 (m, 5H, ArH) . 
Mass (FAB) ; 421 (MH+) 

EXAMPLE 6 

r f 2R> -2- r2 ' - IHvdrexvamino^ -2 ' f qxqI ethvll - ( 6RS> -6- 
rhvdroxvl heptanovll ^L-phenvlalanine »->mei:hvlamldft 

6a. synf hPfii.q nf MS> -4-Ben2vl-3- T f 2 ' -2 ^ - f tert-butoxv- 

oarbQnylmeiihvl^ >6 ' - f hvdrQxy > hexanoyll -2 -oxazolidone . 
The compound of example le [1.5g, 3 mmol] is dissolved in 
absolute ethanol and enough EtOAc to get the material into 
solution. Ig of 20% Palladium Hydroxide on carbon 
(Pd(0H)2/C) andO.28 mL [30 mmol] of 1, 4-cyclohexadiene are 

added, and the reaction is warmed slowly to 65*^C while 
stirring under a N2 atmosphere. A vigorous frothing occurs 
shortly after (H2 generation) . The reaction is stirred for 
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12 hrs. The reaction is cooled and filtered through Celite, 
and the Celite is washed with EtOAc. The solvent is 
evaporated, and the residue solidified. The solid is 
recrystalized from Et20/hexane, which affords 1.04 g of a 
white fluffy solid product (85% yield) . 

1h- NMR (CDCI3) : 81.4-1.8 (s and 16H, t-butyl, -OH, and 
-(Cil2)3)/ 2.54 (dd, IH, -C0£Il2CHC0) , 2.84 (overlapping dd, 
2H, one -COCH2CHCO and one -CH£H2Ph) , 3.4 (dd, IH, -CHCH2Ph) , 
3.68 (t, 2H, -£Ji20H) , 4.22 (m, 3H, oxazol. ring - CH2 and 
-CH2CHCO), 4.72 (m, IH, oxazol. ring -£H) , 7.35 (m, 5H, Ar) . 

6b. Synthesis of (45) -4-Ben2Yl-3- r f 2 'RW2 ' - rtert-bntiQ^tv^ 
carbonvlmethvl) -5 ' - f formvl^pentanQvn -g-oxazelidona 

Oxalyl chloride [0.231 mL, 2.7 minol] is dissolved in 10 mL 
anhyd. CH2CI2 and cooled to -78**C under a N2 atmosphere. 
0.192 mL [2.7 mmol] of anhydrous dimethyl sulfoxide (DMSO) in 
5 mL CH2CI2 is added dropwise via syringe; this is 
accompanied by the evolution of CO2 and CO bubbles. The 
reaction is stirred at -78*^0 for 30 min. 1.0 g [2.46 mmol] of 
the compound of example 6a in 10 mL of CH2CI2 is then added 
dropwise via syringe, which causes the reaction to become 
cloudy white. Stirring is continued for 1 hr, at -78**C, then 
1.58 mL [11 mmol] of triethylamine (EtsN) in 10 mL of CH2CI2 
is added dropwise via syringe and the reaction warmed to room 
temperature. During this time, the reaction becomes 
increasingly clearer. The reaction is partitioned between 
H2O and CH2CI2 and the organic layer washed with 5% NaHC03, 
5% citric acid, H2O, and brine, then dried over Na2S04. The 
solvent is removed and the residue is flash chromatographed 
to give 0.81 g of a. gummy solid (81%) • 

1h- NMR (CDCI3): 5 1.4-1.8 (s and m, 13H, t-butyl and 
-(CH2)2)/ 2.54 (overlapping t and dd, 3H, -£:ii2CH0 and one 
-C0£ii2CHC0) , 2.8 (overlapping dd, 2H, one -C0£Ii2CHC0 and one 
-CH£fl2Ph), 3.36 (dd, IH, one -CH£H2Ph) , 4.2 (m, 3H, oxazol. 
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ring -ch? and -CH2£aC0) , 4.1 (m, IH, oxazol. ring -CH) # 7.3 
(m, 5H, Ar), 9.78 (Sr IH, CHO) . 

6c. .SvntheRi.q of MS^ -4->Ben2vl>3- T f 2 ' R ' - (i^Arj^-btifcoxv- 
carbonvlmetihvl W rC 'RS> -6 ' - f hydroxy 1 hepfcanovll -2- 
exazolidone The compound of example 6b [1.33 g, 33 mmol] 
is dissolved in dry/distilled THF and cooled to -15^C under a 
N2 atmosphere. A solution of 3M solution of methyl magnesium 
bromide in ether [1.1 mL, 33 mmol] is added dropwise with 
stirring. Stirring is continued for 1 hr. at -15*C/ then the 
reaction is warmed to room temperature and quenched with a 
aqueous NH4CI solution. The THF is evaporated and the 
reaction is extracted with EtOAc. The combined EtOAc layers 
are then washed with 5% NaHCOs, 5% citric acid, and brine, 
and then dried over Na2S04. Flash chromatography is used to 
isolate 250 mg of the desired secondary alcohol (18% yield) . 

1h- NMR (CDCI3): 51.23 (d, 3H, CIKai3) # 1.4-1.8 (s and m, 16H, 
t-butyl, -OH, and -(£112)3)/ 2.55 (dd, IH, one -C0Cii2CHC0) , 
2.82 (overlapping dd, 2H, one -C0£Ii2CHC0 and one -CKCJiz'Ph) , 
3.39 (dd, IH, one -CHCH2Ph) # 3.84 (m, IH, £HOH, 4.22 (m, 3H, 
. oxazol. ring and -CH2£liC0) , 4.72 (m, IH, oxazol. ring 

-en)/ 7.3-7.45 (m, 5H, Ar) . No peak doubling due to the 
presence of diasteromers was observed. 

6d. Svnthftsis of (2R^ -2- (tert-Bufcoxvearbonvl^met^hvl- rCRSI > 
6- fhydroxy^ heptanele aeid The compound Of example 6c 
[0.25g, 0.6 mmol] is dissolved in 2.5 mL of a 4:1 THF/H2O 
solution and cooled to -'2°C, but no lower, under a N2 
atmosphere. Dropwise and with stirring, 30% aqueous 
H202f 0.265 mL [0.09 g, 2.6 mmol] is added. After stirring 5 
minutes, a solution of LiOH«H20 [0.042 g, 1.0 mmol] in 1 mL 
H2O is added slowly. During these additions, the temperature 
of the reaction is maintained below 3-4* C. The temperature 
of the reaction is slowly allowed to come to room temperature 
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(30 min) , and stirred for 1 hr. The reaction is cooled and 
quenched slowly with Na2S03 [0.126 g, 1.0 mmol] in 2.5 mL 
H20. The THF is evaporated (keeping the temperature low so as 
not to racemize stereo centers) and the basic, aqueous 
mixture remaining is extracted with methylene chloride to 
remove free benzyl oxazolidinone which can be recrystalized 
and recycled for further use. The basic layer is then cooled 
and acidified with the slow addition of concentrated HCl (pH 
1) . The cloudy mixture is then extracted with EtOAc. The 
EtOAc extracts are dried over Na2S04 and evaporated to give 
0.15 g of pure acid (96% yield) . 

1h- NMR (CDCI3): 61.25-1.85 (m, 16H, OH, CCH2CH2CH2C, t-butyl 
H), 2.25-2.68 (two dd, s, COCH2) , 2.73-2.85 (m, IH, CHCOO) , 
3.70-3.90 (m, IH, CHOH) . 

6e. Synthesis of N- r f 2R^ -2- f iiert-But^QxvGarbonvlmefchvl W 

(6RS) -6-hvdroxv-heptanovn-L-phenvlalanine N-methyl- 
amldft A solution of the compound of example 6d [0.10 g, 
0.384 mmol] and L-phenylalanine N-methylamide TFA salt (0.136 
g, 0.768 mmol) in dry dimethyl formamide (2 mL) under nitrogen 
is cooled to -6'c and treated dropwise with 
diethylcyanophosphonate [0.062 q, 0.384 mmol] followed by 
triethylamine [0.116 g, 1,15 mmol]. The reaction mixture is 
stirred at O'c for Ihr, allowed to warm to room temperature 
over 1 hr, then stirred for two additional hours. The 
reaction mixture is diluted with water and extracted with 
ethyl acetate. The combined ethyl acetate layers are 
sequentially washed with 5% citric acid, saturated sodium 
bicarbonate, water, and brine. The ethyl acetate is 
separated, dried (Na2S04), and evaporated. The residue is 
purified by silica gel column chromatography using 10% 
methanol in ethyl acetate as the eluent. The appropriate 
fraction yields 0.15 g (93% yield) of product. 
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1h- NMR (CDCI3) : 51.14 (d, 3H, -CH£ii3) , 1.14-1.7 (m and s, 
15H, t-butyl and - (QR2) 3) f 2.27-2.6 (m, 3H, -C0CH2£IIiC0 , 
-C0CH2CHC0) , 2.68 (d, 3H, NilHs) / 3.07 (d, 2H, -CH£Ii2Ph) , 3.82 
(m, IH, QROH), 4.68 (q, IH, NH£|iCO) , 6.32 (d, IH, -IIHCH3) , 
6.63 (d, IH, -mCH), 7.24 (m, 5H, Ar) . Peak doubling due to 
diastereomers was observed for -CH£li3 and -UHCHs peaks. 

6f. Synthesis of M-F (2R)-2-fCarbQ«Ylm8tbYl)- f6R8) -6- fhy- 

droxvl heptianovn -L-Phenvlalanine W-methVlamidfi The 

compound of example 6e [0.13 0.39 mmol] is dissolved in 7 
mL of trifluoroacetic acid (TFA) and 3 mL H2O and stirred at 
room temperature until the t-butyl ester is consumed 
(followed by TLC) . The TFA/H2O is then evaporated and the 
residue triturated in Et20 until a white solid is formed. 
The solid is filtered, washed with fresh Et20, and dried in 
vacuo. 0.05 g of the acid as a white powder is obtained (44% 
yield) . 

Ih- NMR (CD3OD) : 5 1.1 (d, 3H, -CH£ii3) , 1.15-1.6 (m, 6H, 
'(Qh2)3)f 2.25 (2 dd, 2H, -£ii2C00H) , 2.63 (overlapping m and 
s, 4H, -C0CH2£LH.C0 and -N£lll3), 2.9 and 3.17 (2 dd, 2R, 
-£a2Ph), 3.61 (m, IH, CfiOH), 4.49 (q, IH, NHfifiCO) , 7.3 (m, 
5H, Ar) . 

6g. The compound of example 6f [0.025 g, 0.07 mmol] is dissolved 
in 5 mL dry/distilled THF and cooled to -15®C under a N2 
atmosphere. N-methyl morpholine [8.6 \iL, 0.077 mmol] is added 
via syringe with stirring, followed by 10 JIL [0.077 mmol] 
of isobutylchlorof ormate. The solution becames slightly 
cloudy. The reaction is stirred for 30 min. at -15**C, then 17 
jlL [0.14 mmol] of 0-trimethylsilyl hydroxyl amine is added. 
After stirring for 1.5 hrs. the reaction is poured onto 5 mL 
of 5% NaHC03 then extracted with EtOAc. The organic layer 
is separated and washed with 5% citric acid, H2O, and brine. 
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then dried over Na2S04. The solvent is evaporated to give 
0.01 g of hydroxamate (37% yield). 

1h- NMR (CD3OD): 81.1 (d, 3H, -CHCas), 1.15-1.6 <m, 6H, 
-(£H2)3)/ 2.15 (2 dd, 2H, -£ii2C00H) , 2.63 (overlapping m and 
5 s, 4H, -COCH2CHCO and NCH3) r 2.9 and 3.17 (2 dd, 2H, -CH2Ph) , 

3.61 (m, IH, £flOH), 4.49 (q, IH, NHCHCO) , 7.3 (m, 5H, Ar) . 

EXAMPLE 7 

10 AH^egnafclva yant^a ¥fx 

hePtanovn -L-Ph«nvlalaTi4 TIP K-mAt:hvl aiii4 Ho 

15 7a. Synthesis of N- r f f 1-«>T-fc-B«f.o>v c arhoTivlinAt:hvl V-fi- 

(hYdrPXY) hexanovl 1 -L-Phanvlalan i N-ntethvlain< rto The 

compound obtained in example Ig [2.0 g, 4 mmol] in 20 mL 
absolute EtOH is treated with 0.75 g 20% Pd(0H)2/C and 3.8 mL 
[40 mmol] of 1, 4-cyclohexadiene. The reaction is heated 
slowly to 65 *C and stirred as such for -20 hrs. The reaction 
is cooled and filtered through Celite. The Celite is washed 
with EtOAc, and the combined filtrates evaporated. The 
residue is flash chromatographed, resulting in a white solid 
[1.14 g, 70% yield] . 

1h- NMR (CDCI3): 8 1.3-1.7 (m and s, 15H, t-butyl and 
-(CIi2)3)» 2.35-2.8 (m, 3H, -C0CH2CHC0 and-C0Ca2CHC0) , 2.74 
(d, 3H, NCJ13) , 3.14 (2 d, 2H, -CH£il2Ph) , 3.64 (m, 2H, 
-CH20H), 4.62 (q, IH, NHCHCO) , 6.35 (d, IH, -IJHCH3) , 6.71 (d, 
IH, -HHCH), 7.3 (m, 5H, Ar) . 

Synthes i s — of K- r f 2R> /1-Art-BiH-ov vearl-»ftnYlin«>1-hv1 ^ -^- 

ffQrmvDpentanovn -L-Phftnvralanino N-Hiftt-hvl amiHo The 
compound of example 7a [0.05 g, 0.12 mmol] and 0.06 g, [0.24 
mmol] of pyridinium chlorochromate (PCC) are dissolved in 10 
mL of anhydrous CH2CI2 under a N2 atmosphere and stirred at 
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room temperature. The reaction is followed by TLC until the 
alcohol is consumed. EtOAc is then added to precipitate PCC 
salts, and the reaction is filtered through Celite several 
times • The solvent is evaporated and the residue flash 
chromatographed to afford 0.07 g (47%) of the aldehyde as a 

gummy solid. 

1h- NMR (CDCI3) : 5 1.4-1.75 (m and s, 13H^ t-butyl and 
-(CH2)2)f 2.4-2.75 (m, 5H, -C0CH2CIiC0, -C0Cfl2CHC0, -£H2CH0) , 
2.8 (d, 3H, N£ii3), 3.2 (2 dd, 2H, -CHCii2Ph) , 4.66 (q, IH, 
NHCHCO), 6.18 (d, IH, -IIHCH3) / 6.63 (d, IH, -MflCH) , 7.3 (m, 
5H, Ar) , 9.8 (S, IH, CflO) . 

7c. fiynt-h^fii5s of W- r rgRI ft^ert^-BufcearveagbenvlmAtihvll ^ 

amide Titanium isopropoxide [0.211 g, 0.74 mmol] is 
dissolved in 5 mL dry/distilled THF and cooled to -10**C under 
a N2 atmosphere. A solution of l.OM titanium (IV) chloride in 
CH2CI2 [0.25 mL^ 0.25 mmol] is then added dropwise via 
syringe. The reaction is then warmed to room temperature and 
stirred 1.5 hours. The reaction is cooled to -78**C and 0.71 mL 
[0.98 mmol] of 1.4M methyl lithium in Et20 is added via 
syringe. The reaction becomes red in color, and upon warming 
slowly to room temperature, lithium chloride (LiCl) 
precipitates from the reaction, causing it to also be cloudy. 
After 1 hour, stirring is stopped and the LiCl is allowed to 
settle. The solution of triispropoxymethyl titanium is again 
cooled to -78°C then transfered slowly via syringe to a 
dry /distilled THF solution (7 mL) of 0.1 g [0.25 mmol] of the 
compound formed in example 7b cooled to -78^C under a N2 
atmosphere. The reaction is warmed slowly to O^C, stirred 
for 1 hour, then quenched with dilute aqueous HCl. The THF 
is evaporated and the aqueous layer extracted with EtOAc. 
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The organic layer is washed with H2O and brine^ and then 
dried over Na2S04. Flash chromatography is used to isolate 
0.01 g of the desired secondary alcohol (10% yield). 

5 1h- NMR (CDCI3): 51.14 (d, 3H, -CHCHa), 1.14-1.7 (m and s, 

15H, t-butyl and -(£a2)3>f 2.27-2.6 (m, 3H, -C0CH2CiiC0, 
-C0£:ii2CHC0) , 2.68 (d, 3H, N£H3) , 3.07 (d, 2H, -CfiCH2Ph) , 3.82 
(m, IH, CHOH), 4.68 (q, IH, NHCHCO) , 6.32 (d, IH, -U£LCH3) , 
6.63 (d, IH, -UHCH), 7.24 (m, 5H, Ar) . Peak doubling due to 
10 diastereomers was observed for -CHCii3 and -MHCH peaks. 

EXAMPLE 8 

IS 6 ' - fphenvlmethoxvl hexanovl 1 ami nn-q . 3-diinAfehvlbTi^an oie aeid 

W-methvlamirio 

8a. Synthesis of f2S> ■N-2- r (2 -2 ' - rterf.^BtifcQxvgarhQnyl- 
methvl ) *6 ' - fphenvlmethoxv^ hexanevll amlnei^^ . 

20 thvlbutanoie aeid N->mftt:hvl amide A stirred solution of 

the compound of example If (0.3 g, 0.9 mmol) and (2S)-2- 
Araino-3, 3-dimethylbutanoic acid N-methyl amide hydrochloride 
(0.187 g, 1 mmol) in 3 mL DMF under nitrogen is cooled to 
-5**C, and is treated with diethylcyanophosphonate (0.19 mL, 

25 1.2 mmol), followed by dropwise addition of triethylamine 

(0.4 mL, 2.8 mmol). The reaction mixture is stirred cold for 
2.5 hours, then at ambient temperature for 2.5 hours longer. 
The reaction mixture is then diluted with 30 mL of ethyl 
acetate, and washed sequentially with 5% citric acid 

30 solution, 5% sodium bicarbonate solution, and brine. The 

ethyl acetate is separated, dried over anhydrous sodium 
sulfate, filtered, and evaporated to 424 mg (91%) of a 
colorless oil, which can be used in the following step 
without further purification. 

35 
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1h NMR (CDCL3): 5 1.00 (s, 9H, (CH3) 3) , 1.2-1.75 (m, 15H) , 
2.30 - 2.70 (m, 3H, COCH2CHCO) , 2.80 (d, 2H, NHCH3) , 3.45 (t, 
2H, CH2O), 4.25 (d, IH, NCHCO) , 4.50 (s, 2H, PhCH20) , 6.15 
(bs, IH, NH), 6.55 (d, IH, NH) , 7.2-7.5 (m, 5H, Ar) . 

5 

8b. Rynr.hesis of (2S) F (2 'R) -2 ' - f cartQXYmethYl) -fi ' - 

fphenvlmethexv^ heatanoyll amlno-'3 . 3-dimethvlbutanQie 
acid y-methvl amide The compound of example 8a (424 mg, 
0.9 mmol) is dissolved in a mixture of trif luoroacetic acid 

10 (3 mL) and water (1 mL) , and stirred at ambient temperature 

for 3 hours. The solvents are evaporated, and the residue 
placed under high vacuum for 2 hours. The oily residue is 
purified by flash silica gel chromatography (2% methanol in 
CH2C12) . Product containing fractions is evaporated to yield 

15 295 mg (81%) of a white foam. 

1h NMR (CDCL3) : 60.95 (s, 9H, (CH3) 3) , 1.20 - 1.70 (m, 6H) , 
2.40 - 2.75 (m, 3H, COCH2CHCO) , 2.80 (d, 2H, NCH3) , 3.40 
(t, 2H, CH2), 4.40 (d, IH, NCHCO) , 4.50 (s, 2H ArCH20) , 
20 6.70 (bs, IH, NH), 7.23 - 7.6 (m, 6H, Ar & NH) . 

8c. To a -10**C stirred solution of the compound of example 8b 
(295 mg, 0.73 mmol) in 3 mL of dry distilled THF under 
nitrogen is added in one portion N-methylmorpholine (0.09 mL, 

25 0 . 8 mmol). After stirring 5 minutes, the reaction mixture is 

treated dropwise with isobutylchlorof ormate (0.1 mL, 0.8 
mmol), and the resultant suspension is stirred for 15 to 20 
minutes. The reaction mixture is then treated with 0- 
(trimethylsilyl)hydroxylamine (84 mg, 0.8 mmol), and the 

30 stirring continued for 2 hours at ice bath temperature, 

followed by 2 hours at ambient temperature. The reaction 
mixture is filtered, and the filtrate evaporated to a white 
foam. The foam is stirred overnight in 10 mL of diethyl 
ether, which produces the desired hydroxamate as a white 

35 solid (220 mg, 71%) . 
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1h NMR (DMSO dg) : 50.90 (s, 9H, (CH3)3), 1.10 - 1.60 (m, 6H) , 
1. 95 - 2.20 (m, 2H) , 2.50 (d, 3H, NCH3) , 2.79 (m, IH) , 
4.15 (d, IH, COCHN), 4.40 (s, 2H, ArCH20) , 7.20 - 7.40 (m, 
5H, Ar), 7.67 (d, IH, NH) , 7.85 (bs, IH, NH) , 8.65 (s, 
IH, OH), 

EXAMPLE 9 

(2S^ r f 2 'Rl -2 ' - r2"- f Hvdroxvamine^ -2"- f qxq> Myl^ ^ 

6 ' - ^hvdroxv^ hexanovn aminQ->3 . 3-dimefchvlbut:anQie aeid 

H-methYlamide 

9a. Svntihesis of f 2S> F f 2 ' R\ -2 ' ^ f feeirfc-BiifcQifvearbQnvl- 

methvll -6 ' - rhvdroxvl hexanovl 1 , 

fcanoie acid N-methyl amide Under a nitrogen atmosphere, a 
solution of the compound formed in example 8a (1.5 3.2 
mmol) in ethanol (25 mL) is treated with 20% Pd(0H)2 on C 
(0.6 g) and 1, 4-cyclohexadiene (10 mL) . The mixture is heated 
at 65* C for 16 hours at which point 0.5 g of 20% Pd(0H)2 on 
C and Ir 4-cyclohexadiene (4 mL) is added and heating is 

continued for another 5 hours. The reaction mixture is 
cooled aind the catalyst is collected via filtration. The 
filtrate is evaporated to dryness and the residue is purified 
by silica gel column chromatography using 5% methanol in 
ethyl acetate as the eluent to give the desired product (0.85 
g, 71% yield) . 

1h NMR(CDCl3) 80.95 (s, SH, t-butyl H) / 1.15-1.80 (m, ISH, 
CCH2CH2CH2C and t-butyl H) , 2.40 (dd, IH, COCH2CHCO) , 2.50- 
2.90 (m, 5H, NCH3, COCH2CHCO) , 3.45-3.75 (m, 2H, CH2O) , 4.40 
(d, IH, NCH), 6.70 (m, IH, NH) , 7,26 (m, IH, NH) . 

9b. Synthesis of (2S) -N-2- F (2 ' R> -2 ' - f Carbonvlmethvl > -6 ' - 
(hydroxy) hexanovll amino-3 . 3-dimethvlbutanoiG acid 
methvlamide The compound of example 9a (0.6 g, 1.6 mmol) 
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is dissolved in 10 mL of a 7:3 trif luoroacetic acid-water 
mixture and stirred at room temperature for 4.0 hours. The 
solvents are removed on a rotary evaporator and the residue 
is treated with acetonitrile and evaporated (three times) in 
order to azeotrope water. The colorless gummy product (0*635 
g) is dried on a high vacuum pump. The product does not 
solidify, perhaps due to remaining impurities and 
trif luoroacetic acid. The compound without any further 
purification is used in next reaction. 

1h NMR (MeOH-d4) 80.95 (s, 9K, t-butyl H) , 1.20-1.85 (m, 6H, 
CCH2CH2CH2C) , 2.35 -3.00 (m, 6H, NCH3, COCH2CHCO) , 3.64 (m, 
2H, CH2O), 4.45 (d, IH, NCH) . 

9c. Under a nitrogen atmosphere, the compound of example 9b 
(0.143 g, 0.4 mmol) , dissolved in dry tetrahydrofuran (10 
mL), is cooled to -15*C and treated with N-methylmorpholine 
(0.081 g, 0.8 mmol) . After 5 min, isobutylchlorof ormate 
(0.109 g, 0.8 mmol) is added dropwise and the reaction 
mixture is stirred for 15 min. 0- (trimethylsilyl) hydroxy 1- 
amine (0.25 g, 2.4 mmol) is added dropwise. The reaction 
mixture is stirred at -15 *C for 1 hour, followed by 1 hour at 
0*C, then 30 minutes at room temperature. The reaction 
mixture is filtered and the filtrate is evaporated to 
dryness. The crude product is purified by preparative thin 
layer chromatography using 25% methanol in ethyl acetate as 
eluent, giving a colorless solid product (0.068 g, 45% 
yield) . 

1h NMR(MeOH-d4) 50.77 (s, 9H, t-butyl H) , 0.90-1.50 (m, 6H, 
CCH2CH2CH2C) , 1.90-2.25 (two dd's, 2H, CH2CO) , 2.50 (s, 3H, 
NCH3), 2.56-2.78 (m, IH, CHCO) , 3.30 (t, 2H, CH2O) , 3.98 (s, 
IH, NCH) . 
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EXAMPLE 10 

N- r f 2RI -2- T2 ' - (Hvdroxvaminol -2 ' - f o«ol «>fchyn 
/ohgnvlmethoxv^ pentanovn -L-t>henvlalaninft M-mefchvlamide 

5 

Synthesis using a procedure analogous to that of Exaiiqsle 2 results 
in a compound having the following analysis: 

iH-NMR (CD3OD) : 5 1.24-1.36 (m, 4H, -(CH2)2)/ 1-95 (2 dd, 2H, 
10 -CHaCONHOH) , 2.5 (overlapping s and m, 4H, -NCH3 and -£HCH2C0NH0H) , 
2.75 and 2,98 (2 dd, 2H, -CCHaPh) , 3.27 (t, 2H, -£H20CH2Ph) , 4.33 
(overlapping s and q, 3H, -0CH2Ph and -NCHCO) > 7.06-7.33 (m, lOH, 
Ar) . 

IS EXAMPLE 11 

H- [ (2R) -2- [2 ' - (Hydroxyamino) -2 • - (0x0) ethyl] -7- (phenyl- 
methoxy ) heptanoyl] -L-phenylalanine N-methylamide) 

20 Synthesis using a procedure analogous to Example 2 results in a 
compound which is produces the following analysis : 

Ih-NMR (CD3OD) : 51.01-1.5 (m, 8H, -(CH2)4)f 1.98-2.21 (2 dd, 2H, 
-CHiCONHOH), -2.52 (m, IH, -CHCH2C0NH0H) , 2.59 (s, 3H, -NCH3) , 2.86 
25 and 3.09 (2 dd, 2H, -CRCRzph) , 3.38 (t, 2H, -£ii20CH2Ph) , 4.41 
(overlapping s and q, 3H, -0CH2Ph and -NCHCO), 7.05-7.28 (m, lOH, 
Ar) . 

EXAMPLE 12 

30 

N- r r2 'RW2- rg ' - f Hvdroxvami nn> -2 ' ~ /oxol ethvl 1 -fi- ' - 
Qxobutvlamino)hexanevn-I.-ph«>nvl alanine K-mft<--hvlamiHA 

12a. Synthesis of f4S) -4-Benzvl-a- r 12 'R^ -2 ■ - fteart--biif-»xY- 
35 carbon vlmcthvl^ -6' - fmethanaaulf onvloxv^ hoxannvll -2- 

oxazolldone 0.5 g [1.23 mmol] of the product formed in 
example 6a, 0.24 mL [1.72 mmol] of Et3N, and0.03 g of 4- 
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dimethyl amino pyridine [0.24 6 mmol] are dissolved in 10 mL 
dry CH2CI2 and cooled to O^C under N2 . Methanesulfonyl 
chloride [0.105 mL, 1.35 mmol] is then added dropwise via 
syringe with stirring. The reaction is stirred at O^C for 2 
hrs. then warmed to room temperature and quenched with H2O. 
The layers were separated and the organic layer was washed 
with 5% NaHC03/ 5% citric acid, H2O, and brine, then dried 
over Na2S04. Evaporation of the solvent affords 0.57 g of the 
desired product (96%) as a colorless oil. No further 
purification is done. 

Ih-NMR (CDCI3) : 51.41-1.84 (m and s, 15H, -t-Bu and -(CH2)3), 
2.48 (dd, IH, -CH2C00tBu), 2.84 (2 overlapping dd, 2H, one 
-£li2C00tBu and one -CHCIi2Ph) , 3.02 (s, 3fi, -SO2CH3) , 3.34 
(dd, IH, -CHCIi2Ph), 4.13-4.28 (m, 5H, -CH2OSO2/ oxazol. ring 
-CH2, and -£LttCH2C0OtBu) , 4.69 (m, IH, oxazol. ring -CH) , 
7.23-7.39 (m, 5H, Ar) . 

12b. Svnthe.si of f 4S1 -4-BengYl>3- r f 2 'R 1 -2 ' - (^^r^ii^^vii^nity^ 

carbonvlmethvl) -6 ' - f azidoi -he^canQy^^ ^ ^^"^ 

The compound of example 12a [2.1 g, 4.34 mmol] and 
tetrabutylammonium iodide [1.6 g, 4.34 mmol] are dissolved in 
20 mL toluene. A sodium azide solution [2.8 g, 43 mmol] in 
20 mL H2O is then added and the two-phase reaction stirred 
vigorously at 70^C for 17 hours under N2. The reaction is 
cooled, the layers separated, and the aqueous layer extracted 
with EtOAc. The EtOAC and toluene layers are combined and 
washed with 5% NaHCOs, 5% citric acid, H2O, and brine, then 
dried over Na2S04. The solvent is evaporated, leaving an oil 
residue which solidifies. The solid is recrystalized from 
Et20/hexane which yields 1.5 g of the desired azide (80%) as 
white crystals. 

1h-NMR (CDCI3) : 51.45-1.75 (m and s, 15H, -t-Bu and -(CH2)3)/ 
2.47 (dd, IH, -CH2G00tBu), 2.78 (2 overlapping dd, 2H, one 
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-CIi2C00tBu and one -CH£R2^h) , 3.28 (t, 2K, -CH2N3), 3,34 (dd, 
IH, -CH£ii2.Ph) , 4,17 <m, 3H, oxazol. ring -CH2 / and 
-CHCH2C00tBu) , 4.67 (m, IH, oxazol. ring -CH) , 7.23-7.37 (m, 
5H, Ar) . 

12c. Synthesis of /2R^ -2- ftert-.^BtifcoxyeagbonylmAthvll -6^ 

/azidolhexaneie aeid The compound of example 12c [0.3 g, 
0.7 mmol] is dissolved in 15 mL of a 4:1 THF/H2O solution and 
cooled to -2®C, but not below, under a N2 atmosphere. A 
solution of 30% aqueous H2O2 [0.285 mL, 2.8 mmol) is then 
added via syringe while maintaining the temperature below 
5*^C. After stirring 5 minutes, a solution of LiOH»H20 [0.046 
g, 1.12 mmol] in 2 mL H2O is added slowly via syringe. Some 
gas evolution is observed. The reaction is stirred for. 10 
minutes, then warmed to room temperature and stirred 1 hour. 
A solution of Na2S03 [0.35 g, 2.8 mmol] in 2 mL H2O is then 
added dropwise; some heat is evolved during tliis process, so 
the reaction is cooled. After stirring -20 minutes, the THF 
is evaporated (below 30°C) and the remaining basic layer is 
extracted with EtOAc. These EtOAc extracts contain free (S)- 
(-) -4-ben2yl-2-oxazolidone which is recrystalized and 
recycled for further use. The basic layer is cooled and 
acidified with the slow addition of concentrated aqueous HCl 
to a pH 2-3. The cloudy mixture is extracted with EtOAc, and 
the EtOAc dried over Na2S04 and evaporated to give 0.17 g of 
pure acid (90% yield) . 

Ir-NMR (CDCI3) : 51.39-1.7 (m and s, 15H, -t-Bu and -(CH2)3)f 
2.4 (dd, IH, -CH2C00tBu), 2.65 (dd, 2H, -CH2C00tBu) , 2.82 (m, 
IH, -CHCH2C00tBu) r 3.29 (t, 2H, -CH2N3) . 

12d. Synthfifiifi of N-- r f 2R> -2- rt:ert:-B«t-^vygafhQnYl mefchvl \ -6- 

fa2ido)hexanovll>L>phenvlalaninA w-itiftl^hvlatniriA The 
compound of example 12c [0.17 g, 0.64 mmol] and L- 
phenylalanine methyl amide TFA salt [0.182 g, 0.7 mmol] are 
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dissolved in 10 mL dry DMF and cooled to -10°C under a N2 
atmosphere, Diethylcyanophosphonate [0.101 nCL, 0.67 miuol] , 
followed by Et3N [0.264 mL, 1,9 imnol], are added dropwise via 
syringe. The reaction is stirred for 1 hour at -10°C then at 
room temperature for 2 hours. The reaction is diluted with 
30 mL H2O and extracted with EtOAc. The combined EtOAc 
layers are then washed with 5% NaHC03, 5% citric acid, H2O, 
and brine, then dried over Na2S04. The solvent is 
evaporated, and the residue flash chromatogr^phed, affording 
1,05 g of the coupled product (74% yield). 

^H-NMR (CDCI3): 5 1.4-1.68 (m and s, 15H, -t-Bu and 
-"(CH2)3), 2.3-2.58 (m, 3H, -£HCH2C00tBu) , 2.7 (d, 3H, -NCH3) , 
3.09 (2 dd, 2H, -CHCH2Ph) , 3.21 (t, 2H, -'CH2N3) 4.51 (q, IH, 
NCHCO), 5.81 <d, IH, -NH) , 6.35 (d, IH, NH) , 7.19-7.33 (m, 
5H, Ar) . 

12e. Synthesis — of N- r (21R\ -2- ffcert-Bufcoxvearbonvlmei^hvl^ -g- 

(aining)hfixanQyn -L-phenylalanine N-mefchviamidft The 

compound of example 12d [0.083 g, 0.19 mmol] in 15 mL 
dry/distilled THF is hydrogenated (0.1 g 10% Pd/C, 30 psi, 
25®C, 1.2 hours.) on a Parr shaker apparatus. After this 
time, the reaction is filtered through Celite and the Celite 
washed with EtOH. The combined filtrates are evaporated, 
leaving 0.084 g of a gummy solid. No further purification is 
done (>90% yield) . 

1h-NMR (CD3OD) : 5 1.1-1.5 (m and s, 15H, -t-Bu and 
-(CH2)3)# 2.15-2.41 (m, 3H, -i:HLCii2.C00tBu) , 2,47-2.61 
(overlapping s and t, 5H, -£H2NH2 and -NCH3) # 2.9 and 3.05 (2 
dd, 2H, -CHCIi2Ph), 4.41 (t, IH, -NCHCO), 7.07-7.26 (m, 5H, 
Ar) . 

12f. Synthesis of y-r f2R^ >-2-> ^t:ert-BiitQxvearbonYlin^t:hyl> --6- 

M ' -Qxebufcvlamino\ -hexanoyll >I.-phenvlalanine M-me- 
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thv lani rifi The compound of example 12e [0.394 g, 0.97 mmol] 
is dissolved in 15 mL dry DMF and cooled to -10»C under a N2 
atmosphere. Triethylamine [0.203 mL, 1.46 mmol], followed by 
butyroyl chloride (0.111 mL, 1.07 mmol] are added dropwise 
via syringe. The reaction becomes slightly cloudy white. 
The reaction is stirred 20 minutes at -10«C then warmed to 
room temperature and stirred 1.5 hours. The reaction mixture 
was treated with 4 0 mL H2O and then extracted with EtOAc. 
The combined extracts were washed with 5% NaHCOs, 5% citric 
acid, H20, and brine, then dried over Na2S04. The solvent is 
evaporated, leaving a fluffy white solid which is 
recystalized from CH3CN/Et20 and washed with cold Et20. This 
affords 0.29 g of the desired acyl amine (63% yield). 

iH-NMR (CDCI3): 50.95 (t, 3H, -CH2Qi3) , 1.2-1.71 (m and s, 
17H, -t-Bu and -(CH2)4), 2.15 (t, 2H, -NC0CH2) , 2.27-2.59 (m, 
3H, -£Ii£ll2.C00tBu) , 2.7 (d, 3H, -NCH3) , 3.09 (2 dd, 2H, 
-CHCIi2Ph), 3.21 (m, 2H, -£ii2NH) , 4.51 (q, IH, -NCHCO) , 5.81 
(broad s, IH, -NH) , 5.89 (broad s, IH, -NH) , 6.35 (d, IH, 
-NH), 7.14-7.34 (m, 5H, Ar) . 

am i no) hftxanovi i -T.-T>henvi ai K-n.»»i.Yi nml rtn The 

compound of example 12f [0.15 g, 0.31 mmol] was dissolved in 
10 mL of a 7:3 TFA/H2O solution and stirred at room 
temperature until the t-butyl ester is consumed (followed by 
TLC). The TFA/H20 is then evaporated, and the residue 
triturated in Et20, producing a white solid. The solid is 
filtered, washed with CH3CN several times, and dried in 
vacuo. 0.125 g of the acid as a white powder are obtained 
(94% yield) . 

iH-NMR (CD3OD): 60.87 (t, 3H, -CH2im3) , 1.02-1.63 (m, 8H, 
-(CH2)4), 2.08 (t, 2H, -NC0£ii2) , 2.2-2.48 (2 dd, 2H, 
-£il2C00H), 2.56 (overlapping s and m, 4H, -NCH3 and 
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-CIiCH2C00H) , 2.84-3.1 (overlapping t and 2 dd, 4H, -£ii2NH and 
-CHCIi2Ph), 4.41 (t, IH, N£flCO) , 1.02-1. 21 {m, 5H, Ar) . 

12h. The compound of example 12g [0.08 g, 0.19 mmol] is dissolved 
in -5 mL dry DMF and cooled to -lO^C under a N2 atmosphere. 
The reaction mixture is treated with N-methylmorpholine 
[0.026 mL, 0.23 mmol], followed by isobutylchlorof ormate 
[0.030 mL, 0.23 mmol] via syringe with stirring. The 
solution becomes slightly cloudy. The reaction is stirred 
for 30 min. at -10**C, then 0.058 mL [0.48 mmol] of 0- 
trimethylsilyl hydroxylamine is added via syringe and stirred 
another 1.5 hours at -10**C. The reaction is warmed to room 
temperature and the solvent evaporated. The gummy residue is 
triturated in Et20, causing it to solidify. The solid is 
triturated (CH3CN) and recrystalized (MeOH/CH3CN) several 
times to give 0.065 g of hydroxamate as a white powder (78% 
yield) . 

1h-NMR (CD3OD) : 50.85 (t, 2H, -CH2CI13) / 0.99-1.61 (m, 8H, 
•(CH2)4)/ 1.98-2.2 (overlapping t and 2 dd, 4H, -CH2NHC0Cii2 
and -£ii2C0NH0H) , 2.48-2.63 (overlapping s and m, 4H, 
-CIiCH2CqNH0H and -NCH3), 2.81-3.11 (overlapping t and 2 dd, 
4H, -£Ii2NH and -CH£H2Ph) , 4.41 (q, IH, NCflCO) , 7.13-7.25 (m, 
5H, Ar) . 

EXAMPLE 13 

N- r (2Ji^ -2- T2 ' - f HvdroxvaminQ> -2 ' fexo^ el^hyl 1 ^6- fphenQiev^ - 

hexanQvll -L-phenYlalanine N-methviamide 

13a Synthesis of N- r (2R) -2- f tert>-butoxvcarbonvlmethvl^ -6^ 

fphenovvl hexanovll -L-phen via 1 an i N-mef^hy 1 am i dft 

Diethyl azodicarboxylate [DEAD] (0.145 g, 0.837 mmol) is 
added to a solution of triphenylphosphine (0.218 g, 0.837 
mmol) in 20 mL of dry THF under a nitrogen atmosphere. The 
mixture is stirred at room temperature for 15 minutes. 
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Phenol (0,078 g, 0.837 mmol) , followed by the compound of 
example 3a (0.340 g, 0,837 mmol), is added and the resulting 
mixture stirred at room temperature for 18 hours. The 
solvent is evaporated to dryness and the residue is 
partitioned between water and methylene chloride. The 
methylene chloride layer is washed with water and brine, then 
purified by preparative thin-layer chromatography using 60% 
ethyl acetate in hexanes as eluent (0.255 g, 63.2% yield). 

1h NMR (CDCI3) 51.25-1.85 (m, 15H, CCH2CH2CH2C and t-butyl 
H), 2.28-2.78 (m, 6H, NCH3, CH2CO and CHCO) , 3.00-3.20 (m, 
2H, 0CH2Ph), 3.88 (t, 2H, OCH2C) , 4.54 (dd, IH, NCH) , 5.95 
(m, IH, NH), 6.45 (,d, IH, NH) , 6.75-7.40 (m, lOH, ArH) . 

13b Synthesis of N- r f 2R> -2- f g;irbe3fvinp1^ hvl^ -6- Iphenoxvl he«- 
anovn -L-phenvlalanine W-met^hylamirftt A solution of the 
compound of example 13a (0.213 g, 0.442 mmol) in 
trifluoroacetic acid (4 mL) and methylene chloride (6 mL) is 
stirred at room temperature for 5 hours. The solvents are 
removed on a rotary evaporator. The residue is placed on a 
high vacuum pump for 2 hours, then triturated with diethyl 
ether and hexanes to produce a colorless solid. The solid 
was collected by filtration and air dried (0.165 g, 87.7% 
yield) . 

1h NMR (CD3OD) 51.00-1.60 (m, 6H, CCH2CH2CH2C) , 2.05-2.60 (m, 
6H, NCH3, CH2C0 and CHCO) , 2.69-3.00 (two dd, 2H, CCH2Ph) , 
3.66 (t, 2H, 0CH2C), 4.30 (dd, IH, NCH) , 6.60-7.20 (m, lOH, 
ArH) . 

13c Under a nitrogen atmosphere, the compound of example 13b 
(0.106 g, 0.25 mmol) is dissolved in dry THF (10 mL) , and 
treated with N-methylmorpholine (0.076 g, 0.75 mmol) via 
syringe. The reaction mixture is cooled to -15^ C and 
treated with isobutylchloroformate (0.051 mL, 0.37 mmol) via 
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syringe. After stirring the suspension for 15 minutes, 0- 
(trimethylsilyl)hydroxylamine (0.105 mL, 1 nunol) is added and 
the reaction mixture is stirred at -15^ C for 1 hour, 
followed by 1 hour at 0^ C, then 30 minutes at room 
temperature. The reaction mixture is filtered and the 
filtrate is evaporated to dryness. The crude product is 
purified by preparative thin-layer chromatography using 15% 
methanol in ethyl acetate as eluent (0.063 g, 57.4% yield). 

1h NMR (CD3OD) 5 0.90-1.60 (m, 6H, CCH2CH2CH2C) , 1.80-2.14 
(two dd, 2H, CH2CO), 2.32-2.54 (m, 4H, NCHa. CHCO) , 2.54 (dd) 
and 2.94 (dd) (2H CH2Ph) , 3.68 (t, 2H, OCH2) , 4.32 (dd, IH, 
NCH), 6.6-7.7 (m, lOH, ArH) . 

EXAMPLE 14 

hepfcanoyll -L-phenvlalanine W-mfithYlamidfi 

Synthesis using a procedure analogous to that of exaxnple 13 
results in a compound having the following analysis. 

IH NMR {CD3OD) 50.8-1.60 (m, 8H, CCH2CH2CH2CH2C) , 1.84-2.10 
(m,2H, CH2CO), 2.40-2.60 (m, 4H, NCH3, CHCO) , 2.72 (dd) and 
2.94 (dd) (2H, CH2Ph) , 3.72 (t, 2H, OCH2), 4.30 (dd, IH, 
CNH), 6.59-6.75 (m, 2H, ArH), 6.90-7.20 (m, 8H, ArH) . 

EXAMPLE 15 

fgS> ' - r f 2 ' -2 ' r2"- rHvdroxvamino^ -2"- f oxo^ ftthvll -6 ' - 
r2-phenefchylamino^ -6' (oxo) hexanoyll am lnQ-3. 3- 
dimethylbut^anQie aeid K-mAt^hyl amide 

Synthesis using a procedure analogous to that of example 5 
results in a compound having the following analysis. 
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1h NMR (CD3OD) 80.98 (s, 9H, t-butyl H) , 1.30-1.7 (m, 6H) , 

2.10 (t,2H, CH2CO), 2.38 (dd, IH) , 2.50-2.65 (m, 2tt) , 2.76 

(s,3H, NCH3), 2.80 (t, 2H, NHCH2), 3.40 (t, 2H, CH2Ph) , 4.20 
(d, IH, NCH), 7.10-7.30 (m,5H, ArH) , 7.80 (d, IH, NH) . 

EXAMPLE 16 

(2S\-V-2 ' - r f 2 ' R> -2 ' - ra " - IHvdrowatntno^ -g ■ ■ - 1 - 

6 ' - f 4-methvlphenQxv) hexanovll ami nQ-3 . 3- rfimAj-hyl H Mfcanalg 

aeid M-mefchvlamidft 

Synthesis using a procedure analogous to that of example 13 
results in a compound having the following analysis. 

1h NMR (CD3OD) 8 0.91 (s, 9H, t-butyl) , 1.28-1.7 (m, 6H, 
(CH2)3)» 2.1-2.32 (overlapping s and dd, 5H, PhCH3 and 
£H2C0NH0H), 2.61 (s, 3H, N£H3) , 2.8 (m, IH, £iiCH2C0NH0H) , 
3.81 <t, 2H, £Il20Ph), 4.12 (d, IH, NQH) , 6.69 (d, 2H, ArH) , 
6.97 (d, 2H, ArH) . 

EXAMPLE 17 

f 2 S> -N-2 ' - r (2 ' RW2 ' - rg " - /nvrtynviratn^ nQ\ -g " - rovo^ ^fchyl 1 - 
6 ' - (4-ehlQrQPhenexv^ hexanovl 1 amino-l^ •^- dim»»hv1>>utanQte 

Synthesis using a procedure analogous to that of example 13 
results in a compound having the following analysis. 

1h NMR (CD3OD) 6 0.91 (s, 9H, t-butyl), 1.25-1.74 (m, 6H, 
(CH2)3)/ 2.1-2.32 (dd, 2H, £Ii2C0NH0H) , 2.59 (s, 3H, N£H3) , 
2.8 (m, IH, £HCH2C0NH0H) , 3.83 (t, 2H, £H20Ph) , 4.12 (d, IH, 
NCfi), 6.78 (d, 2H, ArH), 7.13 (d, 2H, ArH) 
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EXAMPLE 18 

6 ' * r3-methvlt>henQxv^ hexanevl 1 . 
5 aeid M-mei^hvlamida 

Synthesis using a procedure analogous to that of example 13 
results in a compound having the following analysis. 

10 3.H NMR (CD3OD) 6 0. 98 (s, 9H, t-butyl) , 1.32-1.77 (m, 6H, 

(CH2)3)/ 2.16-2.4 (overlapping s and dd, 5H, PhCH3 and 
CI12C0NH0H), 2.65 (S, 3H, N£Il3) / 2.85 (m, IH, £ilCH2C0NH0H) , 
3.85 (t, 2H, CIi20Ph), 4.2 (d, IH, NfiH) , 6.6 (overlapping t 
and s, 3H, ArH) , 7.09 (t, IH, ArH) 

15 

EXAMPLE 19 

-N-2 ' - r /2 ' -2 ' - reairbQvvmei.hvl ^ -6 t , rg, 

methYlphenQXY) hexanQYll aming-3 , 3-dimethYlbiatanQic aeid 

20 methylamide 

Synthesis using a procedure analogous to that of example 13 
results in a compound having the following analysis. 

25 1h NMR (CD3OD) 5 0.97 (s, 9H, t-butyl) , 1.36-1.8 (m, 6H, 

(CH2)3)/ 2.25 (s, 3H, PhCHs) , 2.4-2.59 (dd, 2K, £il2C00H) , 
2.64 (s, 3H, NCii3), 2.84 (m, IH, £IiCH2C0NH0H) , 3.9 (t, 2H, 
£Ii20Ph), 4.2 (d, IH, N£ii) , 6.68 (overlapping t and s, 3H, 
ArH), 7.09 (t, IH, ArH) 

30 

The potency of compounds of the present invention to act as 
inhibitors of the MMPs is determined by using recombinant MMPs as 
follows. 

35 Human cDNA for fibroblast collagenase and fibroblast stromelysin 
is obtained (Goldberg, G.I., Wilhelm, S.M., Kronberger, A., Bauer, 
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Grant, G.A., and Eisen, A,Z. (1986) J. Biol. Chem. 262, 
5886-9) . Human cDNA for neutrophil collagenase is obtained 
(Devarajan^ P., Mookhtiar, K., Van Wart, H.E. and Berliner, N. 
(1991) Blood 77, 2731-2738) • The MMPs are expressed in E.coli as 
5 inclusion bodies with the expression vector pETlla (Studier, 

Rosenberg, A.H. Dunn, J.J., and Dubendorff, J.W. (1990) Methods in 
Enzymology 185, 60-89) • Fibroblast stromelysin and neutrophil 
collagenase are expressed as mature enzymes with C-terminal 
truncations, Phe83-Thr260 and Metl00-Gly262, respectively. 

10 Fibroblast collagenase is expressed as a proenzyme with a C- 
terminal truncation, Metl-Pro2S0. Inclusion bodies are 
solubilized in 6 M urea, purified by ion exchange, and folded into 
their native conformation by removal of urea. Fibroblast 
collagenase is activated by incubation with p-aminophenylmercury . 

15 All active MMPs are purified by gel filtration. 

MMPs are assayed with peptide substrates based on R-Pro-Leu-Ala- 
Leu-X-NH-R2/ where R=H or benzoyl, X=Trp or 0-methyl-Tyr, R2=Me or 
butyldimethylamino. The product is determined by fluorescence 
20 after reaction with fluorescamine with overall conditions and 
procedures similar to those of Fields, G.B., Van Wart, H.E., and 
Birkedal-Hansen, H. (1987) J. Biol. Chem. 262, 6221. 

In the following table Ki values are micromolar and are calculated 
25 from the measured percent inhibition using the Km value, and 
assuming competitive inhibition. HFS is Human Fibroblast 
Stromelysin. HFC is Human Fibroblast Collagenase. HNC is Human 
Neutrophil Collagenase. 



So 
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Compound of 



ample 


HFS 


HFC 


HNC 


2 


0.015 


1.45 


<0.002 


3 


2.19 


0.03 


0.007 


4 


14.56 


3.35 


0.270 


5 


0.378 


5.10 


<0.002 


6 


1.50 


0.15 


0.020 


8 


0.057 


1.4 


0.005 


9 


5.00 


0 027 


0 017 


10 


0.044 


2.27 


0.21 


11 


0.019 


0.92 


0.004 


12 


0.70 


1.6 


0.120 


13 


0.028 


0.008 




14 


0.014 


0.026 




15 


0.026 


0.035 


0.016 


16 


0.017 


O.014 




17 


0.009 


0.021 




19 


0.22 


1.8 





Although this invention has been described with respect to 
specific modification, the details thereof are not to be 
5 construed as limitations, for it will be apparent that 

various equivalents, changes and modifications may be 
restored and modification may be resorted to without 
departing from the spirit and scope thereof and it is 
understood that such equivalent embodiments are intended to 
10 be included therein. 
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CLAIMS 

1- A compound of the formula: 




wherein 

10 A is A^ - a2- a3 



A^ is Ci-io alkyl, C2-10 alkene, C2^10 alkyne having Ci-s in 



the backbone or a chemical bond; 
15 a2 is X - Y- Z; wherein 

X is a chemical bond, -0 — or -S-; 
Y is -CO-, or -CHr9' 

Z is -0-, -NH-, or a chemical bond; 



a3 is 

hydrogen, 
25 01-6 alkyl, 

substituted Ci-6 alkyl, 
aryl, 

substituted aryl, 
heteroaryl, 
30 substituted heteroaryl, 

heterocyclic. 
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substituted heterocyclic, 
aryl Ci-6 alkyl, 
substituted aryl Ci-6 alkyl, 
heterocyclic Ci-6 alkyl, 
5 heteroaryl Ci-g alkyl, 

substituted heteroaryl Ci-6 alkyl, or 
sxabstituted heterocyclic Ci-6 alkyl; 
with the proviso that 

(a) at least one of X, Y and Z must contain a heteroatom; 
10 (b) when Y is -cnz-i then only one of X and Z can be a 

heteroatom; 

(c) when Y is -CO- and both X and Z are heteroatoms, then one 
must be -NH- and the other -NH- or -0-; . 

(d) when is alkyl, X is -0- or -S-, Y is CHr9 and Z is 
15 a chemical bond, then a3 cannot be H or Ci-g alkyl; 

(e) when is alkyl, X is a chemical bond, Y is CHR^ and Z 
is -0- or -S-, then A^ cannot be Ci-6 alkyl; 

(f) when a1 is a chemical bond, X is O or S, Y is CH2, and Z 
is a chemical bond, then A^ cannot be aryl or aryl Ci-6 

20 alkyl'* 

(g) when A^ is a chemical bond, X is a chemical bond, Y is 
CO, and Z is 0, then a3 cannot be H, alkyl, aryl, 
aryloxyalkyl, alkanoyloxyalkyl or aroyloxyalkyl; or 

(h) when A^ is a chemical bond, X is a NH, Y is CH2, and Z is 
25 a chemical bond, then A^ cannot be alkyl, aryl, 

arylalkyl, cycloalkyl, or cycloalkyl alkyl; 

r1 is 

HN (OH) 00- 
30 HCON(OH)-, 

CH3C0N(0H)-, 
H02C-, 
HS-, or 
phosphinate; 

35 
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r2 is 

Or6 or Nr10r6 
where is 
hydrogen, 
5 C6-12 aryl, or 

(CH2)nR'^, 
wherein R^ is 
hydrogen, 
phenyl, 

10 substituted phenyl, 

hydroxy, 

Ci-6 alkoxy, 

C2-7 acyloxy, 

Ci-6 alkylthio, 
15 phenylthio, 

sulfoxide of a thio, 

sulfone of a thio, 

carboxyl, 

(Ci-6 alkyl) carbonyl, 
20 (Ci-6 alkoxy) carbonyl, 

(Ci-6 alkyl) aminocarbonyl, 

arylaminocarbonyl, 

amino, 

substituted acyclic amino, 
25 heterocyclic amino, 

N-oxide of an amine, or 
C2-7 acylamino/ and 
n is 1 to 6; or 

r3 and R^ taken together are a group of the formula -(CH2)m- 
30 where m is from 5 to 12, optionally interrupted by a NR^ 

group 

where R^ is selected from 
hydrogen, 
Ci-6 alkyl, 
35 Ci-6 alkylcarbonyl. 



5^ 
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Ci^6 alkoxycarbonyl, 
aryl, 

aralkyl, or 
aralkyloxycarbonyl, 
5 in each of which the aryl moiety is optionally 

substituted; 

r3 is a characterizing group of an alpha amino acid 
Cl-6 alkyl, 
C3-IO cycloalkyl, 
10 aryl methylene, 

substituted aryl methylene, 
C3-10 cycloalkyl methylene 
aryl, 

substituted aryl, 
15 fused bicycloaryl methylene, 

fused substituted bicycloaryl methylene, 
conjugated bicycloaryl methylene, or 
conjugated substituted bicycloaryl methylene; 

20 is hydrogen or C1-4 alkyl; 

r5 is 

hydrogen, 
phenyl, 

25 substituted phenyl, 

amino, 

hydroxy, 

mercapto, 

Ci-4 alkoxy, 
30 Ci-6 alkylamino, 

Ci-6 alkylthio, 

Ci-6 alkyl or C2-6 alkenyl, 
optionally substituted by 
alkyl, 

35 phenyl, 
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10 
15 

20 

2 



25 



substituted phenyl, 
heterocylic, 

substituted heterocyclic, 
amino, 

acylated amino, 
protected amino, 
hydroxy, 

protected hydroxy, 
mercapto, 

protected mercapto, 
carboxy, 

protected carboxy, or 
amidated carboxy; 



r9 is hydrogen or C1-4 alkyl; 

rIO is hydrogen or C1-4 alkyl; 

and the salts, solvates and hydrates thereof • 

A compound of the structure: 



wherein 

A is A^- a2- a3 
wherein 

a1 is (CH2)n, and n is 3 - 5, 

a2 is X-Y-Z, 

wherein, 




5C 
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X is a chemical bond or -NH-; 

Y is -(C=0)-, -(CHCH3)-, 

Z is -NH-, or a chemical bond; and 

a3 is 

hydrogen, methyl, ethyl, propyl, butyl, pentyl, phenyl, 
methylphenyl, chloropheny 1 , methoxypheny 1 , 
phenylmethylene, methoxypheny Imethylene, 
methylphenylmethylene, or phenylethylene . 
r1 is * 

HN(OH)CO-, or HO2C-, 

r3 is 

tertiary butyl, 
phenylmethylene, 
cyclohexyl methylene, or 
3,5 dimethyl phenylmethylene; 

r4 is independently hydrogen or methyl; 
r5 is 

hydrogen, methyl, 2-methylpropropyl, 1, 3-dihydro-l, 3- 
dioxo-2H-isoindol-2-yl or tertiary butyl; and 
r6 is 

methyl, 2-pyridylethylene, phenylethylene, 4-sulfamoyl 
phenylethylene, or morpholino-N-ethylene. 

3- A compound of claim 2 
wherein A is 
-(CH2)4-0-H, 
-(CH2)3-C=0-0-H, 
- (CH2) 3-C=0-NH- (CH2) 2CH3, 
-(CH2)3-C=0-NH-{CH2)2- phenyl, 
-(CH2)3-CH(CH3)-0-H, 
- (CH2) 4~NH-C=0- (CH2) 2CH3, 
- (CH2) 4-0-phenyl, 
- (CH2) 4-0- (4-chlorophenyl) , 
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- (CH2) 4-0- (3-methylphenyl) , 

- (CH2) 4"0- (4-niethoxyphenyl) , 

- (CH2) 4-0- (4-inethylphenyl) , 
- (CH2 ) 5-0-pheny 1 , 

- (CH2) 4-0-CH2-phenyl, 

- (CH2) 5-0-CH2- (4-methylphenyl) , or 

- (CH2) 3-0-CH2- (4-methylphenyl) . 

4- A compound of claim 3 being: 

a/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 ' - (oxo) ethyl] -5- 

(carboxy)pentanoyl] -L-phenylalanine N-methylamide; 

b/ N- [ {2R) -2- [2 (Hydroxyamino) -2 • - (oxo) ethyl] -6- 

(phenylmethoxy)hexanoyl] -L-phenylalanine N-methylamide; 

c/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 ' - (oxo) ethyl ] -6- 

(propylamino) -6- (oxo) hexanoyl] -L-phenylalanine N- 
methylamide; 

d/ N- [ (2R) -2- [2 (Hydroxyamino) -2 (oxo) ethyl] - (6RS) -6- 
(hydroxy)heptanoyl] -L-phenylalanine N-methylamide; 

e/ (2S) -N-2- [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl ] -6 ' 
(hydroxy) hexanoyl] amino-3,3-dimethylbutanoic acid N- 
methylaraide; 

f / (28) -N-2- [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl ] -6 • 
(phenylmethoxy) hexanoyl] amino- 3, 3-dimethylbutanoic acid 
N-methylamide; 

g/ N- [ (2 'R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -6- (4 • - 

oxobutylamino) hexanoyl] -L-phenylalanine N-methylamide; 

h/ 2 (S) -N-2- [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6' 
(oxo) -6'- (propylamine) hexanoyl] amino-3^ 3-dimethylbuta- 
noic acid N-methylamide; 

i/ N- [ (2R) -2- [ (1 • S) -1 » - (Methyl) -2 ' - (hydroxyamino) -2 • - (oxo) 
ethyl] -6- (phenylmethoxy) hexanoyl] -L-phenylalanine N- 
methylamide; 

j/ N- [ (2R) -2- [ (1 • S) -1 • - (Methyl) -2 ' - (hydroxyamino) -2 ' - (oxo) 
ethyl] -6- (oxo) -6- (propylamine) hexanoyl] -L-phenylalanine 
N-methylamide; 
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k/ (2S) [ (2 'R) - [ (1"R) -1 " - (1, 3-dihydro-l, 3-ciioxo-2H- 

isoindol-2-yl)niethyl-2"- (hydroxy amino) -2"- (oxo) ethyl] -6' 
(phenylmethoxy ) hexanoyl ] amino-S, 3-dimethylbutanoic acid 
N-methylamide; 

1/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 ' - (oxo) ethyl] -6- (oxo) -6- 
(propylamino) hexanoyl] -L-phenylalanine N-2-phenylethyl- 
amlde; 

m/ (2S) -N-2- [ (2 'R) -2 ' - [ {1"S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"-*(oxo) ethyl] -6- (phenylmethoxy) hexanoyl ]amino-3, 3- . 
dimethylbutanoic acid N- 2 -phenyl ethyl amide ; 

n/ (2S) -N-2- [ (2 'R) -2 • - [ (1"S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (oxo) ethyl] -6 ' - (oxo) -6 ' - (propylamino) hexanoyl] amino- 
3,3-dimethylbutanoic acid N-2-phenylethylamide; 

o/ (2S) •N-2- t (2 'R) -2 • - [ (1«S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (oxo) ethyl] -6 ' - (oxo) -6 • - (propylamino) hexanoyl] amino- 
3, 3-dimethylbutanoic acid N-2- (4 • -sulfamoyl) phenylethyl- 
amide; 

p/ (2S) -N- [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 • - 

(phenylmethoxy) hexanoyl ] amino-3-cyclohexylpropionic acid 
N-2- (4 • -sulfamoyl) phenylethylamide; 

q/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 • - (oxo) ethyl ] -6 • - (phenyl- 
methoxy) hexanoyl] -L- (3, 5-dimethyl) phenylalanine N-2- (4 
sul f amoyl ) phenylethylamide ; 

r/ (2S) -N-2 • - [ (2 'R) -2 • - [2«- (hydroxyamino) -2"- (oxo) ethyl] -6* 
[ ( 4 -methoxy)phenoxy] hexanoyl] amino-3, 3-dime- 
thylbutanoic acid N-2- (4 • -sulfamoyl) phenylethylamide; 

s/ (2S) -N-2 • - [ (2 • R) -2 • - [2"- (hydroxyamino) -2"- (oxo) ethyl] -6 ' 
[ (4 -methyl )phenoxy]hexanoyl]amino-3, 3-dimethyl- 
butanoic acid N-2- (4 • -sulfamoyl) phenylethylamide; 

t/ (2S) -N-2 ' - [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 ' 
[ (1-oxo) butylamino] hexanoyl] amino-3-cyclohexylpro- 
pionic acid N-2- (4 '-sulfamoyl) phenylethylamide; 

u/ (2S) -N-2- [ (2 'R) -2 ' - [ (l-'S) -1"- (Methyl) -2"- (hydroxyamino) - 
2"- (0X0) ethyl] -6- (phenylmethoxy) hexanoyl] amino-3, 3- 
dimethylbutanoic acid N-methylamide; 

v/ (2S) -N-2- [ (2 'R) -2 • - [ (1"S) -1"- (2-Methylpropyl) -2"- (hy- 
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droxyamino) -2"- (oxo) ethyl] -6- (phenylmethoxy) hexanoyl] - 
amino-3, 3-dimethylbutanoic acid N-methylamide; 
w/ N- [ (2R) -2- [2 ' - (Hydroxyamino) -2 • - (oxo) ethyl] -6- (phenoxy) - 

hexanoyl] -L-phenyl alanine N-methylamide; 
x/ N- [ {2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl ] -7- (phenoxy) - 

heptanoyl] -L-phenylalanine N-methylamide; 
y/ (2S) -N-2 • - [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 • 
(phenylmethoxy) hexanoyl ] amino-3, 3-dimethylbutanoic acid 

N-2-phenylethylamide; 
z/ (2S) -N-2 ' - [ (2 'R) -2 ' - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 ' 
(phenylmethoxy) hexanoyl] amino-3, 3-dimethylbutanoic acid 

N"2- (4 • -sulfamoyl) phenylethylamide; 
aa/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -5- (phenyl- 
methoxy) pentanoyl] -L-phenylalanine N-methylamide; 
ab/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -7- (phenyl- 
methoxy) heptanoyl ] -L-phenylalanine N-methylamide; 
ac/ N- [ (2R) -2- [2 • - (Hydroxyamino) -2 • - (oxo) ethyl] -6- (phenyl- 

oxy) hexanoyl] -L-phenylalanine N-methylamide; 
ad/ N- t (2R) -2- (2 ' - (Hydroxyamino) -2 • - (oxo) ethyl] -7- [ (phenyl- 

oxy) heptanoyl ] -L-phenylalanine N-methylamide; 
ae/ (2S) -N-2 • - [ (2 'R) -2 • - [2"- (Hydroxyamino) -2-- (oxo) ethyl] -6 • 

[ (2-phenethylamino)-6' (oxo) hexanoyl] amino-3, 3- 

dimethylbutanoic acid N-methylamide; 
af / (2S) -N-2 ' - [ (2 'R) -2 • - [2"- (Hydroxyamino) -2"- (oxo) ethyl] -6 » 

[ (4-methylphenoxy) hexanoyl] amino-3, 3-dimethylbutanoic 

acid N-methylamide; 
ag/ (2S) -N-2 • - [ (2 'R) -2 • - [2" - (Hydroxyamino) -2"- (oxo) ethyl] -6 • 

[ (4-chlorophenoxy) hexanoyl] amino-3, 3-dimethylbutanoic 

acid N-methylamide; 
ah/ (2S) -N-2 ' - [ (2 'R) -2 ' - [2-- (Hydroxyamino) -2"- (oxo) ethyl] -6 • 

[ (3-methylphenoxy) hexanoyl] amino-3, 3-dimethylbutanoic 

acid N-methylamide; and 
ai/ (2S) -N-2 ' - [ (2 ' R) -2 • - (carboxymethyl) -6 • - (3- 

methylphenoxy) hexanoyl] amino-3, 3-dimethylbutanoic acid N 
methyl amide. 
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5- A pharmaceutical composition comprising an effective amount 
of a compound of claim 1, 

6- A pharmaceutical composition comprising an effective amount 
5 of a compound of claim 2. 

7- A pharmaceutical composition comprising an effective amount 
of a compound of claim 3. 

10 8- A pharmaceutical composition comprising an effective amount 
of a compound of claim 4. 

9- A method of promoting an antiarthritic effect in a mammal in 
need thereof comprising administering thereto a matrix 
15 metalloproteinase inhibitory effective amount of a compound 

of claim 1. 

10- A method of promoting an antiarthritic effect in a mammal in 
need thereof comprising administering thereto a matrix 
20 metalloproteinase inhibitory effective amount of a compound 

of claim 2. 

H- A method of promoting an antiarthritic effect in a mammal in 
need thereof comprising administering thereto a matrix 
25 metalloproteinase inhibitory effective amount of a compound 

of claim 3. . 

12- A method of promoting an antiarthritic effect in a mammal in 
need thereof comprising administering thereto a matrix 
30 metalloproteinase inhibitory effective amount of a compound 

of claim 4. 
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